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Abstract 
Mycorrhizae have an essential role in nutiient cycling and in 
determing oUier aspects of plant health. Besides mycorrhiza the 
other group of organism Rhizobacteria specially Pseudomonas 
aggressively colonize the root system, increases plant growth and 
control root pathogens. AM fungi Pseudomonas share the common 
association with plgint parasitic nematode in the rhizosphere of plant. 
Concomitant colonization and infection of roots by AM fungi, other 
microbes inevitably interfere with other's sphere of influence and are 
of great importance in the control of plant pathogens. 
The present study determines the role of AM fungi on root - knot 
development and resulting influence on plant growth. The effect of 
AM fungi along with growth promoting bacteria, Pseudomonas 
fluorescens on the root - knot nematode disease was studied. 
Influence of Pseudomonas fluorescens and N, P and K fertilizers on 
penetration, development by root-knot nematode on tomato were 
studied. Out of six AM fungi viz.. Glomus mosseae, G. fasiculatum, G. 
constrictum, G. aggregatum, Acaulospora scrobiculata and Gigaspora 
gigantea tried, Glom.us m.osseae was selected as efficient AM fungus 
for the host plant (tomato), on the basis of overall performance and 
used for the control of root knot nematode in further study. Tomato 
(Lycopersicon esculentum Mill.) var. Pusa Ruby was selected as test 
plant and root-knot nematode Meloidogyne incognita as the test 
pathogen. 
Interaction of G. mosseae , Pseudomonas fluorescens and M. 
incognita was investigated on the basis of plant growth 
characteristics ( Length, fresh and dry weight of the plant), nutrient 
content (N, P and K) of the plant, mycorrhization (External 
colonization. Internal colonization. Percent arbuscules Number of 
chlamydospores in 1 cm root and number of chlamydospores 
recovered from dry rhizosphere soil/pot) and root-knot disease ( 
nematode population in soil and root, number of egg masses per root 
system, fecundity and number of galls per root system). A 
preliminary survey of Aligarh district (U.P) India, was carried out to 
judge the mycorrhizal status of some commonly cultivated crops at 
four different sites. The results of the study are given below in brief. 
AMF status of commonly cultivated crops of Aligarh District 
survey 
A study was conducted at four different sites of Aligarh district to 
assess arbuscular mycorrhizal fungi (AMF), spore population and 
root colonization in commonly cultivated crops like chickpea, 
mungbean, brinjal, tomato, wheat, chilli and maize. Edaphic 
characteristics of rhizosphere soil from these localities were also 
studied. 
Six species of AM fungi belonging to three genera viz., Glomus (4 
species), Acaulospora (1 species) and Gigaspora (1 species) were found 
to be associated with these crops. Glomus was the predominant 
genus and showed high frequency of occurrence at all the sites 
surveyed. High values of per cent colonization were observed (above 
70 per cent) in majority of the cases. There was no definite 
relationship between cultivated crops and AM fungi, as the spore 
number in soil obtained from rhizosphere of different crops varied at 
different sites but AM fungi preferred chilli and maize crops. No 
definite relationship was observed between mycorrhizal infection and 
the prevalent edaphic factors. 
Screening of arbuscular mycorrhizal fungi (AMF) for the 
selection of the most efficient AMF inoculant for tomato 
{Lycopersicon esculentxim Mill.) 
A study was conducted to select the most efficient AMF 
inoculant for tomato var. Pusa Ruby. Six different AMF were 
evaluated for their efficiency in promoting plant growth, nutrient 
status and mycorrhization. Inoculation with AMF species resulted in 
higher plant growth biomass and nutrient status. Mycorrhization 
was studied in terms of multiplication of the AM fungi, internal and 
external colonization and percent arbuscules. Measurement of plant 
harvested at 60 days after inoculation responded to its best with the 
inoculation with Glomus mosseae followed by G. constrictum in terms 
of plant length, fresh and dry weight, mycorrhzal colonization and 
nitrogen, phosphorus and potassium contents. Gigaspora gigantea 
and Acaulospora scrobiculata showed poor values for most of the 
parameters studied. On the basis of this study G. mosseae was 
selected as the most effective AMF inoculant for tomato var. Pusa 
Ruby under glasshouse conditions. 
Effect of multiple inoculum levels of AM fungus Glomus mosseae 
on the development of root- knot disease in tomato 
Interaction between G. mosseae and M. incognita was studied 
at multiple inoculum levels. The interaction was studied in terms of 
influence on the growth and development of tomato, and colonization 
and reproduction of the pathogen as well as the mycosymbiont. 
Presence of G. mosseae resulted an increased values of growtii 
parameters and nutrient content both in the presence as well as 
absence of M. incognita. The improvement in plant growth 
parameters and mycorrhization occurred proportional to the spore 
levels. 
Presence of M. incognita had an adverse impact on the growth 
and development of tomato plants. Consequently, M. incognita 
infected plants had lower values of growth parameters and nutrient 
content. The decrease in these values was greater when higher 
inoculum levels of M. incognita were used. Internal and external 
colonization by the AM fungus, the percentage of arbuscules and the 
number of chlamydospores in soil and in root were adversely effected 
by the nematode. When higher inoculum levels of the nematode were 
used there was an increase in the values of nematode infection and 
multiplication parameters. 
In general, there was an increase in the value of growth 
parameters and nutrient status and decrease in the infection and 
multiplication of M. incognita with the increasing level of G. mosseae 
inoculum. But for most of the parameters studied there was no 
significant difference in the values obtained at 1,200 and 2400 
spores per plant. This implies that 1200 spores of G. mosseae p)er 
plant is the appropriate inoculum level for growth and development 
of tomato var. Pusa Ruby as well as for the suppression of root-knot 
disease caused by M. incognita under glasshouse conditions. 
The severity of the root-knot disease as reflected by its adverse 
impact (on the growth and development of tomato and on the 
mycorrhization of G. mossea) increased with an increase in the 
inoculum of Af. incx)gnita. But no significant difference was observed 
at higher inoculum levels of 4,000 and 8,000 juveniles per plant. 
Generrally higher levels of spore concentration 1200 and 2400 per 
plant were found to be more suppressive on root-knot development. 
Effect of N, P and K fertilizers and Pseudomonas fluorescens on 
the development of root-knot disease in tomato 
The objective of this experiment was to determine the role of 
N, P and K fertilizers in the interaction between Pseudomonas 
fluorescens and Meloidogyne incx>gnita. A preliminary investigation 
was first carried out to determine the most effective dose of N, P and 
K fertilizers. Results obtained showed that the most effective dose of 
fertilizers was 300 mg/kg for N; 125 mg/ Kg for P and 200mg/kg for 
K. These doses of the fertilizers were applied to the plants in the 
main experiment where they were used alongwith M. incognita and P. 
fluorescens. Inoculation with Af. incognita resulted in significant 
reduction in shoot, root and plant length, fresh and dry weights. The 
nutrient content (N, P and K) of nematode infected plants was lower 
than other treatments. P. fluorescens inoculation resulted a 
significant increase in length, fresh weight and dry weight of the 
plants. The nutrient content of P. fluorescens resulted in increased 
values of growth parameters and nutrient status even in the 
presence of M. incognita. 
Among the nitrogen(Urea), Phosphorus (Single super 
phosphate) and potassium (murate of potash) fertilizers applied at 
recommented doses selected singly or in combination, showed that 
application of all the three fertilizers in combination caused 
maximum improvement of plant growth compared to one which 
received only one or two fertilizers. The effect of fertilizers was more 
pronouced in Pseudomonas inoculated plants in the absence or 
presence of root-knot nematode as compared to control. The 
combined doses of N, P and K plants benefitted the most from 
Pseudomonas association and provided a drammatic protection 
against root-knot disease caused by M. incognita 
Effect of Glomus mosseae and Pseudomonas fluorescens, alone 
and in combination, on development of root-knot disease in 
tomato 
Arbuscular mycorrhizal fungus, Glomus mosseae and a plant growth 
promoting rhizobacterium [PGPR], Pseudomonas fluorescens were 
used for the management of root-knot disease caused by 
Meloidogyne incognita on tomato [Lycopersicon esculentum] var. Pusa 
Ruby. M. incognita caused significant reduction in length, fresh 
weight as well as dry weight. The nutrient (N, P and K) content of 
nematode inoculated plants was lowest. Inoculation with this 
nematode caused significant reducation in mycorrhization by G. 
mosseae. Inoculation with G. mosseae and /or P. fluorescens 
resulted a high values of Growth parameters and nutrient content. 
G. mosseae caused greater increase in the values of these 
parameters compared to P. fluorescens. Inoculation of nematode 
infected plants with G. mosseae and/or P. fluorescens alleviated the 
adverse effect of the nematode. Combined inoculation of G. mosseae 
and P. fluorescens was more effective in reducing the adverse effects 
of M. incognita as compared to individual application. G mosseae 
was more effective in reducing the infection and multiplication of M. 
incognita as compared to P. fluorescens. Maximum reduction in the 
infection and multiplication was observed when both G. mosseae and 
P. fluorescens were inoculated. Inoculation of mycorrhizal plants with 
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The population explosion continues unabated, and provision of 
sufficient food remains elusive. Every hole is being plugged and every 
effort is being made to make sure there's enough food for man. The 
pathogens too are being denied their share. But the assaul t of the 
pathogens continues, and so do the a t tempts to contain this loss. The 
realization of the unsustainabil i ty of chemical control of pathogens h a s 
led to increase interest in other means of control. So protection of 
plants for better production h a s to be compatible with sustainability. 
Vegetables constitute a very important part of our daily diet. For a 
balanced diet an adult needs about 250g vegetables per day. But the 
national consumption is less than 81g. This is because of the non-
availability of adequate amount of vegetables, as the actual production 
of vegetables is considerably less thsm the required quantity. 
Tomato, Lycopersicon esculentum Mill, is an important vegetable 
crop and its cultivation is worldwide. Fresh ripe fruits are refreshing 
and appetizing. Tomatoes are consumed in the form of juice, paste , 
ketchup, puree, soup, etc. Ripe tomatoes contain glucose and fructose 
as the principal sugars. The fruits contain essential amino acids except 
tryptophan. Citric and malic acids also occur in tomato in appreciable 
amounts . Tomato contains a gluco-alkaloid tomat ine ' which is used a s 
precipitating agent for cholesterol. 
In India, despite a large area unde r cultivation, markets normally 
experience shortage or high cost of tomato, which is probably due to low 
productivity of this crop under local climatic conditions. Apart from 
horticultural constraints, attack by pests and diseases is an important 
factor responsible for lower yields. A number of diseases viz. root rot, 
root knot, wilt, fruit rot, powdery mildew and some bacterial and viral 
diseases regularly develop on tomato and cause considerable decline in 
5deld. 
There are several constraints on the successful cultivation of 
tomato. Nematode alone causes about 20.6 per cent loss in yield 
worldwide (Sasser, 1989). Subramaniyan et al. (1990) reported 42.05-
54.42 per cent yield loss of tomato due to Meloidogyne incognita. Jain et 
al. (1994) reported 47.3 per cent and 71.9 per cent avoidable yield loss 
in vegetable crops due to M. javanica and M. incognita, respectively. 
In India, the importance of nematodes as a constraint on 
successful crop production was recognized long ago. The discovery of 
the prevalence of cyst nematode on potato (Jones, 1961) and on wheat 
(Vasudeva, 1958) examplified the seriousness of the problem. Since 
then, a number of nematode problems of national importance have 
emerged. 
Root knot nematodes are prevalent in 90 per cent of agricultural 
crops and are considered to be the number one problem. These 
nematodes attack underground parts of plants where they induce the 
development of abnormal growth in the roots. Sometimes large galls 
develop at the base of the stem. The size and character of galls vary in 
different plants e.g. in Thunbergia laurifolia and rhubarb, enormously 
large structures, nearly two feet in diameter, may be seen (Steiner et al., 
1934). 
Earlier, the attention of those involved in plant protection was 
focused only on the successful control of disease. But with the passage 
of time, new concerns have emerged. Am.ongst them, damage to the 
environment is foremost. This has prompted research for the 
development of new strategies for disease management. One 
consequence of this paradigm shift in scientific thinking is the attempt 
to move away from complete reliance on chemical pesticides. These 
pesticides are relatively effective but create a lot of hazards to man and 
the environment. In addition to the target pest, they also kill a lot of 
beneficial micro-organisms in the phylloplane and/or rhizosphere, 
contaminate soil and water and accumulate in plant parts. Pesticide 
application may solve the problem of pest and disease for the time 
being, but for a lasting, economically viable and ecologically sustainable 
solution, it is imperative to explore and exploit other methods of disease 
m.anagement. 
An attractive tool in the hands of agriculturists, which measures 
to some of the above listed criteria is biological control. It implies total 
or partial destruction of the pathogen by other organisms except man. 
Though biological control has been practiced through rotation of crops 
etc. since ages, the term was first used in scientific literature by G.F. 
Von Tabuef in 1914 (Baker, 1987). In recent decades, considerable 
research has been carried out in this field. But despite the effort, 
effective and economic control of pathogens through biological control 
has remained elusive. There are not many cases where biological 
control agents have been registered for commercial use. But despite the 
limited success achieved so far, biological control holds more promise 
than any other strategy of disease management. 
The favourites for biocontrol have been the micro-organisms that 
grow in the rhizosphere. Under natural conditions, these organisms 
provide the frontline defense against pathogens. Among the various 
micro-organisms, arbuscular mycorrhizal fungi and fluorescent 
pseudomonads have attracted considerable attention for their 
usefulness in biological control. 
Fluorescent Pseudomonas species have emerged as the largest 
and potentially more promising group of plant growth promoting 
rhizobacteria (PGPR) involved in the biocontrol of plant diseases 
(Kloepper et ah, 1988). These bacteria are ideally suited as soil 
inoculants because of their potential for rapid and aggressive 
colonization. They have the ability to colonize the rhizosphere of a wide 
variety of crops including cereals, pulses, oil-seeds and vegetables. They 
produce secondary metabolites like siderophores, antibiotics, HCN, etc. 
and exhibit parasitism towards several root borne pathogens. These 
properties collectively lead to the suppression of pathogens and help in 
plant nutrition leading to improved crop yield. The potential usefulness 
of Pseudomonads due to their positive effect on plant growth promotion 
has attracted the attention of agronomists and microbiologists (Defago 
et at, 1990). Their plant growth promoting activity results from the 
contribution of different substances which act directly or indirectly on 
the plant. Indirect plant growth promotion is due to the suppression of 
soil borne plant parasites and deleterious rhizosphere micro-organisms. 
Direct stimulation of plant growth is mainly due to the release of growth 
factors (Leisinger and Margraff, 1979; Schippers, 1988) and 
enhancement of phosphate (Liftshitz et al, 1987) and iron (DeWeger et 
al, 1989) uptake. 
Production of some growth promoting substances by fluorescent 
Pseudomonads in the rhizosphere is also known to contribute to 
enhanced plant growth (Burr and Caesar, 1984). Vitamins and growth 
hormones (auxins, c5^okinins, etc.) produced by these Pseudomonads 
often lead to morphological changes in plants.( Garcia de Salome, 2001) 
The antagonism of P. fluorescens towards nematodes is well 
known (Ostendorf and Sikora, 1989). Application of this bacterium is 
known to suppress the population as well as the morphometric 
characteristics of nematodes (Siddiqui and Mahmood,1998; Siddiqui et 
al, 1998; Siddiqui and Mahmood 2003). Even a non-cellular extract of 
this bacterium exhibits high degree of larvdcidal properties (Gotke and 
Swarup, 1988). There are numerous other reports of the antagonism of 
this bacterium towards nematodes (Weiden bomer and Kunz, 1993; 
Siddiqui et al, 2001, and Shanti eta/., 1998). 
Mycorrhizae, the associations between fungi and plant roots are 
among the most widespread symbiotic relationships among plant 
communities. These are potential tools now available to plant scientists 
to improve the overall performance and productivity of plants. 
Arbuscular mycorrhizae, a t5^e of endomycorrhizae are geographically 
ubiquitous and occur over a broad ecological range. They are commonly 
found in agricultural crops irrespective of soil t5^es. The fungi take 
carbohydrates from the plant and in return supply the plant with 
nutrients, hormones, etc. (Rangaswami, 1990). The fungi apparently 
improve plant growth by increasing the absorbing surface of the root 
system and alleviating water stress; by selectively absorbing and 
accumulating certain nutrients, especially phosphorus; by solubilizing 
and making available to the plants some normally non-soluble 
minerals; by somehow keeping feeder roots functional longer, and by 
making feeder roots more resistant to infection by certain soil fungi 
such as Phytopthora, Pythium, Fusarium and by nematodes(Agrios, 
1997). 
Arbuscular mycorrhizae modify the fertility of a given soil by 
altering the nutrient uptake properties of the root system. This is done 
through the development of an extensive network of extrametrical 
hyphae in the soil surrounding the roots, which have the capacity for 
nutrient absorption and transport to the cortical root cells. It is widely 
accepted that AM play a recognized role in nutrient cycling in the 
ecosystem (Harley and Smith, 1983). Increased uptake of phosphorus is 
not the only effect of AM fungi on plant growth. They also stimulate 
uptake of zinc, copper, sulphur, potassium and calcium, although not 
as markedly as phosphorus (Cooper and Tinker, 1978). AM fungi help 
the roots in better absorption of water by exploring water in wider zones 
of soil (Safir et al, 1971, 1972). 
Antagonism of plant parasitic nematodes by AM fungi has been 
noted in many cases (Baltruschat et at, 1973; Sikora, 1978; Bagyaraj et 
al;, 1979; OBannon et al, 1979; Strobel et al, 1982; Cooper and 
Grandison, 1987; Sivaprasad et al, 1990; Sitaramaiah and Sikora, 
1996, Hasan et ai.,2003). This may be due to improved plant vigour, 
physiological alteration of root exudates or through direct role of 
mycorrhizae in retarding the development and reproduction of 
nematodes within the root tissues. 
Harnessing the usefulness of micro-organisms like the ones 
discussed above (AM fungi, fluorescent psuedomonads, etc.) will 
enhance the sustainability of our agricultural systems. In the present 
study an effort is made to establish a biocontrol system for the 
management of root-knot disease of tomato by exploiting microbes. 
Towards achieving this end, the study was conducted in the following 
manner. 
1. A survey was conducted in Aligarh district to determine the AM 
fungal species colonizing various crops. 
2. These AM fungi were collected from the agricultural fields, 
multiplied by single spore inoculation technique, and pure 
cultures were maintained under pot conditions. 
3. The AM fungi were screened for their relative efficiency in 
promoting the growth of tomato under glasshouse conditions. 
4. The species found to be the most effective was tested for its 
biocontrol potential against Meloidogyne incognita on tomato var. 
Pusa Ruby. 
5. The effect of different combinations of Nitrogen, Phosphorus and 
Potassium fertilizers in the presence and absence of Pseudomonas 
fluorescens on multiplication of root-knot nematode, Meloidogyne 
incognita and growth of tomato was studied. 
6. The effect of individual and simultaneous inoculation of G. 
mosseae and P. fluorescens on the root-knot, Meloidogyne 
incognita and plant growth was studied. 
The thesis s tar ts with a general introduction, followed by a review 
of literature. The experimental work is divided into five sections, each 
with a separate introduction, materials and methods, results, 
discussion and summary. A list of the literature cited, and some 
appendices of the ANOVA models used, are given at the end of the 
thesis. 
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REVIEW OF LITERATURE 
REVIEW OF LITERATURE 
Biological control implies total or partial destruction of a 
pathogen by any other organism except man. The term was introduced 
in scientific literature by G.F. Von Tabuef in 1914 (Baker, 1987). 
Interest in biological control first arose in 1920s and 1930s, when some 
plant pathogens were suppressed by introducing some antibiotics-
producing microbes. A turning point for research on biological control of 
plant pathogens came after a gap of more than 30 years when in 1963 
an International Symposium on 'Ecology of Soilbome Plant Pathogens -
Prelude to Biological control' was held in Berkely, USA. 
The possibility of biocontrol of nematodes was first suggested by 
Lodhe (1874). His study generated interest in many early workers. 
Organized research on this aspect of nematode management, however, 
started in 1960s. In recent past, biocontrol of plant parasitic nematodes 
h a s been the subject of several reviews (Sayre, 1980; Ja ta l , 1986; Khan, 
1990; Siddiqui and Mahmood, 1998, 1996). 
Biological control h a s proved to be more successful in 
rhizosphere than in phyllosphere. One reason for the limited success in 
phyllosphere is the pronounced fluctuations in environmental 
conditions in the phyllosphere, making it a highly stressed niche 
(Sharma 1998). In rhizosphere also, the focus has been on the micro-
organisms that occur there naturally. Even under natural conditions, 
these organisms provide frontline defense against pathogens. Some of 
these micro organisms only antagonize the pathogen, and have no 
direct influence on the host. Others served the dual purpose of 
promoting plant growth a s well a s antagonizing the pathogen. Among 
the latter, AM fungi and fluorescent pseudomonads have received 
considerable attention. 
AM Fungi : distribution and taxonomy 
The term 'mycorrhiza' was introduced by Frank (1885), which 
literally means Tungus root'. Five main types of mycorrhiza have been 
recognized viz; Ectomycorrhiza, Arbuscular mycorrhiza (VA), Ericoid 
mycorrhiza. Orchidaceous mycorrhiza and Arbutoid mycorrhiza. Of the 
five major types of mycorrhiza, AM are geographically ubiquitous and 
occur over a broad ecological range. They have the widest host range 
and distribution of all the mycorrhizal associations. It is estimated that 
about 90 per cent of vascular plants normally establish mutualistic 
relationship with AM fungi. AM associations have been observed in 
1,000 genera of plants belonging to 200 families. There are about 
300,000 receptive hosts in world flora (Kendrick and Berch, 1985), and 
there are about 120 common species of AM fungi (Schenck, and Perez, 
1987). 
AM fungi develop association with nearly all cultivated plants 
whether they are agricultural, horticultural, or fruitcrops. According to 
Gerdemann (1975), it's easier to list plant families that do not form AM 
association than to list those tha t do. Families not forming arbuscular 
mycorrhizae include the Pinaceae, Betulaceae, Orchidaceae, 
Fumariaceae, Commelinaceae, Urticaceae and Ericaceae. Families that 
rarely form AM structures include the Brassicaceae, Chenopodiaceae, 
Polygonaceae and Cyperaceae. Important crops forming AM 
associations include wheat, maize, all millets, potatoes, beans, 
10 
soybeans, tomatoes, apples, oranges, grapes, banana , castor, tobacco, 
tea, coffee, cocoa, sugarcane, mango, asparagus, rubber, cardamom, 
pepper, etc. (Bagyaraj, 1991). Most of the tropical rainforest trees have 
arbuscular mycorrhizae (Janos, 1983). They are found in gymnosperms 
(Harley, 1969), pteridophytes (Cooper, 1976) and bryophytes (Parke and 
Lindermab, 1980). They have been reported in floating (Bagyaraj etal, 
1979) and submerged aquatic plants (Clayton and Bagyaraj, 1984). 
Though usually confined to roots, they have been reported in diverse 
s t ructures such a s modified leaves of water fern Salvinia eucullata 
(Bagyaraj etal, 1979), fruiting peg of peanut (Graw and Rehm, 1977) 
and modified scale like leaves and rhizom.es of ginger and canna 
(Selvaraj etal, 1986). 
One reason for this widespread occurrence of AM fungi is tha t 
they are not host-specific. However, there are certain evidences of 
preferential association (Mosse, 1977). In addition to their widespread 
distribution throughout the plant kingdom, they are also geographically 
ubiquitous, and occur in plants growing in arctic, temperate, and 
tropical regions (Mosse et al, 1981). In general, VAM population is more 
in cultivated soil compared to virgin soil (Mosse and Bowen, 1968). They 
are mostly seen in top 15-30 cm of soil and their number s decrease 
markedly below the top 15 cm of soil (Redhead, 1977). They are 
normally not found in depths beyond the normal root range of p lants 
(Mosse et al, 1981). The distribution of species of AM fungi varies with 
climatic and edaphic environment a s well as with land use. 
Sankaranarayanan and Sundarababu (2001) observed positive 
correlation between moisture level and AM development upto 70 per 
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cent. Thereafter, increase in moisture content had negative influence on 
AM development. They also observed decrease in AM colonization with 
increase in soil acidity. At pH level of 4, AM fungi failed to develop. 
Hasan et al. (2003) observed wide differences in AM colonization 
between different cropping seasons. Species of Glomus appear to be the 
mostwidely distributed. Gigaspora and Sclerocystis spp. are more 
common in tropical soils. Acaulospora seems to be better adapted to 
soils with pH < 5.0. In fact, certain AM fungi have been linked to 
particular kinds of soil (Kendrick and Berch, 1985). 
AM fungi are presently included in the order Glomales of class 
Zygomycetes. This order includes the genera Glomus and Sclerocystis 
(Glomaceae); Acaulospora and Entrophospora (Acaulosporaceae) and 
Gigaspora and Scutellospora (Gigasporaceae) (Morton and Benny, 1990). 
Successful mycorrhizal formation depends on the presence of 
appropriate host, fungus and environment. Spores in the soil may 
germinate even in the absence of a suitable host, but usually in 
conditions that are also appropriate for plant seed germination and root 
growth (Powell, 1976; Daniel and Trappe, 1980). In the absence of a 
receptive host, the cytoplasm may be retracted from the germ tube, 
leading to the resumption of a quiescent state (Mosse, 1981). Such 
spores may retain the capacity to germinate on several subsequent 
occasions. However, germinating hyphae, in some cases, can retain 
their infectivity upto four months, thereby greatly enhancing the 
probability of finding a suitable host (Rovira and Bowen, 1966) 
The interaction of fungus and plant may begin well before the 
hypha and the root make physical contact. Germ tubes of Gigaspora 
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gigantea were attracted through air towards roots of bean or com, 
probably by volatile substances that were active over at least 10 mm 
(Koske, 1982). Germinating spores of Glomus mosseae liberated 
substances having the same kind of biological activity as gibberellins 
and cytokinins (Barea and Azcon-Aguilar, 1982). The sparasity or lack 
of infection in families like Chenopodiaceae, Brassicaceae, 
Caryophyllaceae etc. could be due to numerous reasons, ranging from a 
physical barrier of cell wall, to an absence of essential nutrients, to 
production of toxins by the plants. The case for lack of essential 
nutrients appears to be weak (Daniels, and Trappe, 1980). However, 
there are some evidences in favour of the toxin theory (Ocampo et al, 
1980; Powell, 1982; Harinikumar and Bagyaraj, 1988). The occurrence 
of a wide range of Sulphur compounds in Brassicaceae and of betalins 
in Chenopodiaceae, both of which have fungistatic activity, might be 
important (Bowen, 1987). 
The abundance and distribution of AM fungi have been studied 
by many workers (Anderson et al, 1984; Schmidt and Scow, 1986; 
Mohankumar etal, 1988; Kim etal, 1989; Rao et al, 1989; Hussain et 
al, 1995). Plant cover, AM spore abundaince, plant species richness and 
number of AM fungi represented as spores were positively correlated 
with each other and with per cent organic matter (Anderson et al, 
1984). Schmidt and Scow (1986) found that AM fungi were present to 
varying degrees in the roots of at least members of all plant 
communities studied. Mohankumar et al (1988) reported that most 
plants harboured AM fungi and that soil temperature and moisture 
status influenced the infection. Out of 103 plant species (41 families) 
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collected from two limestone sites in Korean republic, 98 species were 
associated with AM fungi (Kim et al, 1989). All the 25 medicinal plants 
observed by Rao et al. (1989) harboured AM fungi in their root system. 
High AM fungal infection was found in the roots of 14 hydrophytes 
studied by Hussain et al. (1995). 
A qualitative and quantative distribution of AM spores in soil 
samples from NE Indian habitats, viz, Assam, Arunachal Pradesh, 
Manipur, Mizoram and Nagaland, has been studied by 
Venkataramanan et al (1990). The highest numbers were observed in 
the plains of Assam, while hilly soils contained fewer spores, and those 
from Mizoram none. The most abundant species were Scutellospora 
nigra, Sclerocystis rubriformis, and Glomus macrocarpus. Sulochana et 
al. (1990) reported a total of 11 AM fungi belonging to the genera 
Acaulospora, Glomus and Gigaspora associated in both kharief and rabi 
season with six sesame cultivars and the association and colonization 
being greater in the kharief season. The density and frequency of 
occurrence of AM fungi were found to be greater in autumn than in 
spring (Peng and Shen, 1990). 40 out of 43 species of flowering plants 
examined by Kuhn et al. (1991) were heavily infected with AM fungi. 
Reyes and Ferrera (1992) observed that AM colonization levels are 
higher in herbs than in shrubs. AM spores were found to be more 
intensive in the rhizosphere of non-legumes than in legumes (Bhardwaj 
et al. 1997). They also observed that soil pH, total soil P, available P, 
type of soil, soil moisture, and cropping season influenced the AM 
population in natural ecosystems. Significant correlation between AM 
fungi and soil pH, moisture and P content has been observed by other 
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workers also (Rani and Manoharachaiy, 1994; Wetzel and Van-der-
Valls, 1996; Bhardwaj et al. 1997). AM colonization was observed to be 
lowest during winter and highest during late summer and autumn by 
Payaletal. (1994). 
AM fungi benefits to the host 
Much interest has been shown in arbuscular mycorrhizal fungi in 
commercial agriculture (Ferguson, 1984; Schenk, 1985). The interest 
stemmed from the published evidence which indicate that mycorrhizal 
fungi, which form symbiotic association with plant roots promote plant 
growth and health (Gerdemann, 1968; Harley, 1969; Tinker, 1975; 
Howeler et al, 1987; Lin-Xian and Hao, 1988; Raju et al, 1990). The 
use of AM fungi for crop productivity requires the selection of an 
efficient and appropriate fungus, and this aspect has been assessed by 
many workers (Jensen, 1982; Krishna et al, 1985). The agricultural 
importance of AMF is mainly due to their ability to increase phosphate 
uptake and other major and minor nutrients of crop plants (Mosse et 
al, 1973). 
The main hurdle in exploiting beneficial effects of AM fungi for 
improved agricultural productivity is the obligate nature of the 
symbiont. They can not be grown and cultured in the absence of their 
host plants. Mass multiplication of these fungi is still difficult, thus 
making them available for wide use in the field is not possible. At 
present, the use of AM is confined to greenhouse and pot culture 
studies, and to a limited extent in plant propagation nursuries 
(Rangaswami, 1990). Field trials conducted in India indicated that AM 
inoculation increased crop-yield significantly in 50 per cent of the trials 
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(Wani and Lee, 1992). Effect of AM fungi on various types of plants have 
been shown by various workers (Asif et a/., 1995; Kehri and Chandra, 
1990; Menge et ah, 1978; Plenchette et ah, 1981; Ragupathy and 
Mahadevan, 1993; Muhammed and Hussain, 1995). Dixon et al. (1997) 
observed that AM symbiont also increased drought tolerance of Prosopis 
plants in terms of maintaining and enhancing growth under water 
stress conditions. This study indicates the potential of AM to reduce 
partly /replace the fertilizer requirements of trees in degraded and 
semi-arid sites. 
Various workers have reported increase in growth and yield on 
inoculation with AM fungi (Koch et al, 1997; Owusu and Mosse, 1979; 
Kuo and Hung, 1982; Khan, 1975; Luis and Brown, 1986). An 18 per 
cent increase in onion bulb production was observed by PoweU and 
Bagyaraj (1982) on inoculation with AM fungi. Koch et al. (1997) 
observed that AM inoculated garlic plants were larger, had more green 
leaves and increased photosynthesis rate, especially at low light 
intensities, and higher fresh and dry weights than plants in 
uninoculated plots. Cereal growth was found to be promoted by AM 
fungi under field conditions. Phosphorus content in mycorrhizal root 
tissue of maize plants was increased 35 per cent by G. mosseae and 98 
per cent by G. fasciculatum. (Khan, 1975). Root infection by AM fungi 
significantly improved phosphorus uptake, translocation, and its 
subsequent transfer in host plant (Shnyrera and Kulaev, 1994). A 41.5 
per cent increase in yield of rice was observed on inoculation with 
Gigaspora gigantea (Sanni, 1976). AM rice varieties tested by Kehri and 
Chandra (1990) showed increased yield in response to AM inoculation. 
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Inoculation with Glomus versiforme increased the dry weight of 
Sorghum by 10-20 per cent (Singh and Tilak, 1990). Pigeonpea plants 
inoculated with AM fungi had higher shoot and root dry weight and 
phosphate content (Manjunath and Bagyaraj, 1984; Ramraj and 
Shanmugam, 1990). Shoot and root dry weights were observed to be 
promoted on inoculation with Glomus leptotrichum, G. macrocarpum, G. 
fasciculatum, Acaulosora laevis and Gigaspora margarita (Reddy and 
Bagyaraj, 1990). Ramraj and Shanmugam (1990) found Glomus 
etunicatum to be effective in increasing the shoot and root dry weight of 
cowpea. Kuo and Haung (1982) found highly significant increase (21 per 
cent) in grain yield of soybean with AM inoculation (Glomus spp.) in the 
stubble of newly harvested paddy rice. The result suggested that AMF 
inoculation might be important for the crops after paddy rice, where 
population of indigenous AM fungi have been depleted under an aerobic 
soil conditions. Significant response of soybean to inoculation with AM 
fungi in phosphate deficient soil has been reported by Raverkar and 
Tilak (1988) and Ross (1970). Shoot dry weight was found to be 
significantly higher in blackgram inoculated with G. fasciculatum, G. 
constrictum, G. versiforme and Acaulospora spp. (Umadevi and 
Sitaramaiah, 1990). 
Many workers have studied the utility of mycorrhizal application 
in horticultural crops (Menge et al, 1978; Onkarayya and Sukhada, 
1993; Plenchette et al, 1981; Sharma and Bhutani, 1995; Hughes et 
al, 1978). All these workers have reported beneficial effects of 
inoculation with AM fungi. Yield increase of 25 per cent /plant was 
observed in banana plants inoculated with G. mosseae and G. 
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fasciculatum (Mohandas, 1995). G. mosseae inoculated jack fruit plants 
were found to have higher plant height and fresh weight (Sivaprasad et 
at, 1995). All the four AM species used by Sundaram and Arangarsan 
(1995) viz, G. fasciculatum, G. mosseae, Gigaspora margarita and 
Acaulospora laevis, were found to increase yield of tomato. AM 
association also improved the quality attributes such as increase in 
percentage of vitamin C and total soluble sugar and enhance the 
productivity of plant (Selvaraj et ah, 1995). Hazarika and Phookan 
(1995) reported that Glomus aggregatum, G. mosseae and G. 
fasciculatum exhibited significant influence on growth and yield of chilli 
in nursery bed. Significant increase in dry weight of groundnut was 
observed on inoculation with AM fungi (Daft and El-Giahmi, 1976). 
Phosphate uptake, root and shoot growth and pod yield were observed 
to be stimulated on inoculation with AM fungi in chilli (Krishna and 
Bagyaraj, 1982; Joshi, 1995). 
Beneficial effects of AM fungi have also been observed in non-
host plants. Harinikumar et al (1990) found that in sunflower, 
inoculation with Acaulospora laevis resulted in maximum plant height 
and shoot dry weight. Charest et al. (1997) have suggested that 
establishment of AM-grass symbiosis could help in reducing fertilizer 
inputs. 
Mycorrhizal fungi enhance the absorption of nutrients by 
increasing the total surface area of the roots. Mycorrhizal infection can 
improve the phosphorus nutrition of the host. Absorbed phosphorus is 
probably converted into pol5T)hosphate granules in the external hyphae 
(Callow et al, 1978) and passed to the arbuscules for transfer to the 
18 
host (White and Brown, 1979). This flow of phosphorus occurs in the 
presence of acid phosphates (Gianinazzi et al, 1979) during arbuscular 
life span (Cox and Tinker, 1976) or senescence (Kinden and Brown, 
1975). The mycelial network in mycorrhizal plants enables them to 
extract phosphorus from places beyond the zone of low concentration 
around the roots (Jakobson et al, 1992). AMF also stimulate the plant 
uptake of zinc, copper, sulphur, potassium and calcium, although not 
as markedly as phosphorus (Cooper and Tinker, 1978). Mycorrhizal 
fungi trap organic and inorganic phosphorus sources in soil which are 
normally not available to non-mycorrhizal plants (Powell, 1979). Subtle 
changes occur in mycorrhizal roots and these changes may be of 
considerable consequences to host growth and nutrition. An increase in 
stele circumference induced by mycorrhizae would allow greater uptake 
and passage of water and nutrients to the vascular cylinder (MiUer et 
al, 1997). 
AMF play an important role in water economy of the plants and 
their association improves the hydraulic conductivity of the roots, 
thereby helping in better uptake of water by the plant. Improved water 
absorption resulted in better performance (Kehri and Chandra, 1989; 
1990). This is probably due to exploration of water in wider zones of soil 
by AMF hyphae (Safir et al, 1971; 1972). Mycorrhizal plants have 
shown better survival than non-mycorrhizal ones in extremely dry 
conditions (Allen et al, 1981). There's also evidence that 
endomycorrhizae directly affected the plant hormone level (Allen et al, 
1980; 1982). Production of phytohormones by Glomus mosseae has 
been reported by Barea and Azcon (1982). 
19 
Effect of fertilizer on host benefits by mycorrhizal fungi 
Mycorrhizal benefits are most obvious under low fertilizer input 
conditions that exist in developing countries (Miller et al., 1986; Crush, 
1995). Many researchers have shown that phosphatic fertilizer can 
reduce AM colonization. However, addition of phosphate fertilizer to soil 
very low in phosphate can increase per cent colonization of root system 
possibly through direct effect on AM fungus (Bolan et al, 1984). It's 
thought that phosphorus influences AM colonization by affecting 
concentrations of root carbohydrates (Jasper et at, 1979) or the amount 
of root exudate (Graham et al, 1982). The best indicator for identifying 
a soil tha t will provide good AM colonization appear to be the per 
centage of P in plants at the time of AM colonization (Jasper et al, 
1979). Recently, Sreenivasa and Bagyaraj (1989) reported that rock 
phosphate applied at 100 ppm P level resulted in more infective 
propagules of Glomus fasciculatum a s compared to bone meal and super 
phosphate fertilizer (Clarke and Mosse, 1981). Long term application of 
superphosphate (15 year of 150 kg P /ha /y r ) enhanced the population 
of arbuscular mycorrhizal endophytes that were little affected by 
subsequent addition of P (Porter et al, 1978). Irrespective of P level the 
AMF did not differ significantly in their capacity to infect the roots 
(Weber and Amorim, 1994; Fay et al, 1996). However, Khaliq et al 
(1997) found that VAM inoculation at three phosphorus application 
levels (3, 10 and 30 mg/kg) significantly suppressed maize seedling 
growth and phosphorus inhibition of mycorrihzal infection increased 
with increasing rates of application. Nadian et al (1996) reported that P 
uptake and growth of the plants decreased a s the bulk density of the 
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soil increased from 1.0 to 1.6 t/m^. The strongest effect of soil 
compaction on P uptake and plant growth was observed at the highest P 
application (60 mg/kg soil). At low P application (18 mg/kg soil), P 
uptake and shoot and root weight of the plants colonized by Glomus 
intraradices were greater than those of non-mycorrhizal plants at 
similar levels of soil compaction. However, the mycorrhizal growth 
response decreased proportionately as soil compaction increased. In a 
similar study, Araujo et al. (1996) recorded that tomato plant, at 60 mg 
P/kg soil, Glomus etunicatum enhanced growth rates, P accumulation 
rate and P utilization rates throughout the experiment. At 120 mg P/kg 
soil, G. etunicatum suppressed growth, P accumulation and P utilization 
rate at the early growth-stages and increased them at the latter stages. 
At 120 mg P/kg soil, P influx into mycorrhizal roots was probably 
limited by carbon supply. In maize, Beyene et al. (1996) found that root 
dry weight increases with increasing levels of P in both mycorrhizal and 
non-mycorrhizal treatments. Shoot dry weight increases upto 43.0 and 
64.5 mg P/kg soil inoculated and non-inoculated plants, respectively. 
Total uptake of P (as well as P concentrations in root and shoots) and K 
(shoot) was higher in mycorrhizal plants than that of non-inoculated 
plants at applied P levels. The root K concentrations of inoculated and 
non-inoculated plants did not vary when P was applied. In Trifolium 
subterraneum., Naidian et al. (1997) also observed that total P uptake 
and shoot dry weight of plants colonized by Glomus intraradices were 
significantly greater than those of non-mycorrhizal plants at all levels of 
soil compaction at both P applications. Wheat plant showed enhanced 
plant growth at both levels (50 and 100 ppm) of rock phosphate in 
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combination with G. mosseae, with increase in plant height, total dry 
weight of root and shoot, number of grains per ear and density of 
mycorrhizal colonization in roots. The nutrient content of host plants 
also increased significantly in rock-phosphate + VAM inoculated plants 
compared to control (Chhabra and Jalali, 1997). Goh et al. (1997) noted 
that vegetative dry matter accumulation of wheat increased by P 
addition and reduced by VAM infection. Both P addition and VAM 
infection increased grain yield. Zinc concentration and uptake was 
generally reduced by P additions and VAM infection. There was an 
absence of antagonistic effects of Zn additions on P concentration and 
uptake. In contrast, VAM infection had both positive and negative 
effects on P uptake depending on the growth stage and translocation of 
nutrients. 
Posta et al. (1997) reported that the positive effect of mycorrhizal 
inoculation on shoot growth decreased as P rate increased. For various 
soil volumes, the effect of mycorrhizal inoculation on the shoot mass 
increased as soil volume increased. In all cases, mycorrhizal plants had 
higher p contents. P application reduced the degree of root colonization 
and also the quantity of external hyphae. 
Balaz and Vasatka (1997) observed the reduced growth and 
enhancement of root respiration of mycorrhizal plants compared with 
non-mycorrhizal plants after 12 weeks. Root colonization was not 
influenced by increased P availability in contrast to extra-radical 
mycelium (ERM). The length of ERM hyphae both attached to the root 
surface and in the substrate were markedly decreased by increased P 
supply, irrespective of its form. 
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Efficacy of mycorrhizal fungi in nematode control 
There are numerous reports of adverse impact of AM fungi on 
nematodes (Atilano et al, 1981; Hussey and Rancadori, 1982; 
MacGuidwin et al, 1985; Babu and Suguna, 2000; Jothi and 
Sundrababu, 2002). In gram, cowpea and pigeonpea, low incidence of 
root-knot nematode in roots having high level of AM fungi was observed 
(Hasan and Jain, 1987). Presence of G. fasciculatum showed a profound 
adverse effect on cyst production and multiplication of Heterodera 
cajani (Jain and Sethi, 1987). Babu and Suguna (2000) observed higher 
fruit yield when Meloidogyne incognita infested tomato plants were 
treated with GZomus mosseae. An increase in growth parameters and 
nutrient status of brinjal plants, and a decrease in M. incognita 
population, was observed with an increase in spore densities of G. 
mosseae and G. fasciculatum (Jothi and Sundarababu, 2000). 
Chlamydospores of AMF have been detected in the cysts of soybean cyst 
nematode, Heterodera glycines (Willox and Tribe, 1974). Population of 
M. incognita on tomato, chilli and bhindi (Abelmoschus esculentus) was 
found to be suppressed by the AM fungus, G. mosseae (Babu and 
Suguna, 1998). The AM fungi Glomus mosseae, Glomus versiforme, and 
Gigaspora margarita inhibited the generation and development of M. 
incognita, decreased the number of second-stage juveniles in the root 
zone, egg mass diameter, number of eggs per egg mass, and number of 
eggs per gram root (HaiYan et al, 2002). However, high populations of 
endoparasitic nematodes and spores of endomycorrhizal fungi were 
found in a survey conducted by Hasan and Jain (1987) indicating that 
these nematodes do not effect the AM fungi and vice-versa. Glomus 
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epigaeus didn't show any adverse effect on cyst production and 
multiplication of Heterodera cajani (Jain and Sethi, 1987). 
The antagonistic effects of AMF on nematodes may be either 
physical or physiological in nature. The nematode control may be 
through improved plant vigour, physiological alteration of root 
exudates, or through direct role of mycorrhizae in retarding the 
development and reproduction of nematodes within root tissues. 
Despite a few exceptions, several studies report an antagonistic effect of 
mycorrhizal fungi on plant parasitic nematodes. Jothi and 
Sundarababu (2002) observed that the gall index (due to M. incognita) 
was less in Glomus mosseae treated brinjal (Solanum melongena) 
plants. Effect of AM fungus G. mosseae on nematode reproduction in 
tomato-Meloidogyne incognita and carrot-Pratylenchus penetrans 
pathosystems was studied by Talavera et al. (2001). In tomato, AMF 
inoculation reduced gall index by 33 per cent and final soil densities of 
M. incognita by 85 per cent. In carrot, P. penetrans soil density was 
reduced by 49 per cent. Sitaramaiah and Sikora (1980) found that G. 
mosseae increased the resistance of tomato plants to Rotylenchulus 
reniformis infection. Baltruschat et al. (1973) reported that 75 per cent 
fewer juveniles of M. incognita developed into adults when tobacco was 
infected with a mycorrhizal fungus. AMF can alter the physiology of 
root, including root exudates responsible for the chemotactic attraction 
of the nematode. Sikora (1978) suggested that attractiveness of the root 
system of M. incognita larvae was altered by the presence of G. mosseae. 
Several other studies observed, decreased larval penetration 
(Sitaramaiah and Sikora, 1981; MacGuidwin et al., 1985; Talavera et 
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atj 2001) and retarted nematode development in mycorrhizal 
roots. GZomus fasciculatum adversely affected Rotylenchulus reniformis 
during several phases of its life cycle (Sitaramaiah and Sikora, 1982). 
MacGuidwin et al. (1985) found that Meloidogyne hapla more readily 
penetrated non-mycorrhizal roots than mycorrhizal ones in onion. 
Similar results were obtained by Talavera et al. (2001) with 
Pratylenchus penetrans and carrot roots. Other workers (Atiliano et al, 
1981; Hussey and Roncadori, 1982) reported that mycorrhizae suppress 
the effect of nematode on the host plant. Growth suppression of lemon 
seedlings was reduced when plants were simultaneously infected with a 
mycorrhizal fungus and a plant parasitic nematode, Tylenchulus 
semipenetrans (CBannon et ah, 1979). M. incognita population on mint 
{Mentha arvensis) was found to be suppressed by G. mosseae (Ratti et 
al, 2000). Significant reduction in the severity of root-knot disease and 
population of M. incognita was recorded in Matricaria chamomilla plants 
treated with G. mosseae (Pandey et al, 2000). Several investigators 
(Atilano et al, 1981; Cason et al, 1983; Ronacadori and Hussey, 1977; 
Heald et al, 1989) have suggested that increased nutrient uptake by 
mycorrhizal fungi enhances plant tolerance. It has been found that 
presence of mycorrhizae may increase the tolerance of plants to 
diseases (Chandra and Kehri, 1996). The number of giant cells formed 
by the mycorrhizal plants was significantly low in tomato plants 
infected with root-knot nematode, M. incognita (Suresh et al, 1985). 
Suppression of plant parasitic nematodes by AM fungi is known 
to be more sustained and long lasting than with chemical nematicides. 
Sundarababu et al (2001) conducted experiments on chilli (Capsicum 
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annum) to compare the effectiveness of G. mosseae against Af. incognita 
with that of Carbofuran (2 per cent at 1.0 kg/ha). The results showed 
that although carbofuran caused a sudden and large reduction in the 
soil nematode population immediately after application, it did not give 
sustained suppression of nematodes as did by G. mosseae. In addition, 
seedlings treated with the AMF produced significantly higher yield than 
carbofuran and untreated control. Glomus, mosseae stimulated the 
growth of Citrus jambhiri seedlings, and partly neutralized the adverse 
effects of Tylenchulus semipenetrans in infected plants (Baghel et al. 
(1990). Sivaprasad et al. (1990) showed that pre-inoculation of Piper 
nigrum cv. Panniyur cuttings with Glomus fasciculatum or G. etunicatum 
reduced the root knot (caused by M. incognita) index by 32.4 and 36.0 
per cent, respectively; reduced nematode population in roots and 
surrounding soil; and significantly increased growth even in the 
absence of nematode. G. mosseae suppressed root galling and 
nematode buildup in the roots of micropropagated banana cv. Grand 
Naine (Jaizme-Vega et al, 1997). Sikora (1978) observed an alteration 
in the attractiveness of AMF infected tomato roots to M. incognita larvae. 
Larval penetration 72 hours after inoculation was 64 per cent less in 
mycorrhizal roots than in mycorrhizal-free roots. A negative relationship 
was observed between distribution of M. incognita galls and level of G. 
mosseae in different areas of the root-system. Nematode development in 
mycorrhizal plants was strongly retarted, the larvae being 63per cent 
and 27 per cent smaller after 8 and 16 days, respectively, than in the 
non-mycorrhizal plants. G/omus fasciculatum application in nursery 
beds helped the mycorrhizae to colonize the tomato roots before 
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transplantation to the main field, thereby preventing the penetration 
and development of nematode in the infected plants (Sundarababu and 
Sankaranarayanan, 1995). Organic amendments contribute positively 
to nematode suppression by AM fungi. In nursery beds, integration of 
G. mosseae with margosa cake significantly reduced M. incognita 
populations in soil and reduced root-galling, egg-mass production and 
fecundity, and produced vigour tomato seedlings with increased root-
colonization with G. mosseae (Reddy et at, 1998). Use of oil cakes 
(Margosa and castor at 15g/plant) with G. mosseae in pot experiments 
with Crossandra. undulaefolia reduced nematode multiplication rate, 
increased root colonization by the mycorrhiza and the number of 
mycorrhizal propagules (Nagesh and Reddy, 1997). 
Oliveira and Zambolin (1988) studied the effect of different levels 
of inoculum of G. etunicatum and M. javanica on Phaseolus vulgaris at 
the time of sowing. With increasing inoculum densities of nematodes, 
plant growth was reduced but there was no effect on mycorrhizal 
colonization or chlamydospore production by the fungus. The presence 
of G. etunicatum resulted in the reduction of nematode. Rotylenchulus 
reniformis significantly reduced the mycorrhizal root colonization by 
Glomus fasciculatum on cowpea though the values increased with 
increasing levels of G. fasciculatum (Lingaraju and Goswami, 1993). 
Kassab (1995) observed that level of inoculum, timing of invasion, 
habitable space, competition for nutrition, or physiological changes in 
roots, each singly or collectively play a role in suppressing the 
penetration and development of both organisms. Nematodes 
significantly retard mycorrhizal infection of susceptible cultivars of 
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alfalfa (Grandison and Cooper, 1986). The lack of mycorrhizae near 
nematode galls m^y account for reduction in total root colonization by 
G. intraradices (Heald et al, 1989). However, Kellam and Schenck 
(1980) found mycelia, arbuscules and vesicles of G. macrocarpus in 
hypertrophied tissue within galls. Presence of AM fungi in the roots of 
Ipomoea batata generally increased the population of Rotylenchulus 
reniformis and Criconemella sp. (Kassab and Taha, 1990). Population of 
a sedentary endoparasitic nematode (M. arenaria) in soil and root was 
significantly highpf in mycorrhizal than in non-mycorrhizal plants. The 
situation was reversed in migratory ectoparasite, Tylenchorhynchus sp. 
(Jain and Sethi, 1987). 
The potential role of mycorrhizal fungi as biocontrol agents for 
the control of nematode plant diseases has recieved considerable 
attention (Osman et al, 1990; Ahamed and Alsayeed, 1991; 
Sankaranarayanan and Sundarababu, 1994; Santhi and Sundarababu, 
1995a; Price et al, 1995). The damage due to nematode diseases is 
generally reduced in mycorrhizal plants (Carling et al, 1989; Osman et 
al, 1990; Price et al, 1995). In several studies AM fungi have shown an 
antagonistic influence on the population of plant parasitic nematodes 
(Bagyaraj et al, 1979; Saleh and Sikora, 1984; Cooper and Grandison, 
1986; Sitaramaiah and Sikora, 1982; Carling et al, 1989; Sivaprasad et 
al, 1990; Rao et al, 1992; Sankaranarayanan and Sundarababu, 1994; 
Reddy et al, 1998; Sundarababu et al, 2001; Jothi and Sundarababu, 
2002). Nematode susceptible plants colonized by AM fungi were better 
able to tolerate plant pathogenic nematodes (Kellam and Schenck, 
1980; Sitaramaiah and Sikora, 1982; Grandison and Cooper, 1986; 
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Diederichs, 1987; Jain and Sethi, 1989; Osman et al, 1990; 
Sankaranarayanan and Sundarababu, 1994). However, in some cases 
fungal colonization had no effect on nematode population (CBannon 
and Nemec, 1979; Cason etal, 1983; Grandison and Cooper, 1986). 
Role of fertilizer in nematode control 
Fertilizers have been reported to increase the growth of nematode 
infected plants. Reproduction of M. incognita and galls formed by it on 
papaya roots were significantly reduced by the application of N fertilizer 
(Khan and Khan, 1995). Akhtar et al. (1998) showed that application of 
NPK fertilizers induced a significant growth increase both in M. 
incognita inoculated and uninoculated plants. Ahmed et al. (1991) 
reported that N and P fertilizers reduced the population of M. incognita 
in soil and in root. N, P and K fertilizers were also found to suppress the 
pathogenic effect of M. incognita by Waecke and Wando (1993). 
Reduction in infection and multiplication of M. incognita can be 
attributed to the nematicidal potential of nitrogenous fertilizers 
(Rodriguez Kabana et al, 1981, 1982; Singh and Sitaramaiah, 1967; 
Sitaramaiah and Singh, 1969). In fact ammonical nitrogen has been 
reported to be detrimental to nematodes (Badra and Khattab, 1980; 
Upadyaya, 1969; Akhter et al, 1998). Phosphatic fertilizer had no effect 
on soyabean cyst nematode Heterodera glycines (Tylka et al, 1991). In 
cotton, Smith et al (1986a) noted that phosphorus fertilization 
increases 3deld losses due to M. incognita, increased nematode inoculum 
densities and nematode juveniles penetrating the seedling root. 
However, combined fertilizer treatments have been reported to suppress 
nematode multiplication and infection (Balogun and Babatola, 1990; 
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Waecke and Wando, 1993) and improve the growth of the host plant 
(Akhter et al, 1998), probably through improved host nutrition. 
Role of Pseudomonas fluorescens in growth promotion and 
nematode control 
Pseudomonas is a typically gram negative, chemoorganotrophic 
motile rod with polar flagella (Palleroni et at, 1973). It's a member of the 
family Pseudomonadaceae. Members of this family are characterised by 
the absence of sheaths of Prosthecae and by physiological properties 
such as nutrition of chejnoorganic type, a metabolism typically 
respiratory, absence of fermentation and photosynthesis and a capacity 
of growth at the expense of large variety of organic substances with the 
exception of 1-carbon compounds. They are active agents of 
mineralization of organic matter. They are also part of microflora 
responsible for food spoilage. The genus includes species pathogenic to 
man, domestic animals and cultivated plants. The genus has shown 
potential in producing antifungal compounds. 
Role of Pseudomonas in plant disease control and growth 
promotion was first studied during 1950s. Seed inoculation with these 
organisms increased plant growth and reduce disease development. 
Specific bacteria used as seed inoculants, colonized plant roots and 
increased plant growth (Kloepper and Schroth, 1981 a, Kloepper et at, 
1980; 1988). Many workers have reported usefulness of fluorescent 
pseudomonads in growth promotion and/or disease management 
(Schroth and Hamcock, 1981; Siddiqui et al, 2001; Shabaev and 
Smolin, 1999). 
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The positive effects of some members of the genus Pseudomonas on 
plaint growth promotion have attracted the attention of agronomists and 
microbiologists (Defago et al, 1990). Their plant growth promoting 
activity results from the contribution of different compounds acting 
either directly or indirectly on the plant. Indirect plant growth 
prom^otion is due to suppression of soil-borne plant parasites and 
deleterious rhizosphere microorganisms, whereas direct plant 
stimulation is mainly exerted by release of growth factors (Leisinger and 
Margraff, 1979; Schippers, 1988). Burr and Caesar (1984) had also 
reported that the enhanced plant growth resulting from the introduction 
of specific root-colonizing fluorescent pseudomonads into the 
rhizosphere is due to the production of some growth promoting 
substances in the rhizosphere. Application of fluorescent 
pseudomonads to seeds, seed pieces and roots has resulted in 
increased plant growth and 3deld. Significant increases in growth and 
yield of potato by 36.7 per cent were reported in greenhouse 
experiments by Burr et al. (1978) with specific Pseudomonas strains. 
Similar growth and yield increases have been observed in potato 
(Kloepper etal, 1980a; Geels etai, 1986). 
Due to application of Pseudomonas, potato yield increased from 5 
to 33per cent in field plots (Burr et al, 1978; Kloepper, 1980). The 
treatment of sugarbeet seeds with various strains of Pseudomonas spp. 
resulted in yield increase of 4-8 tonnes per hectare in six out of eight 
trials, with an increase in sugar production ranging from 955 to 1227 
kg/hectare (Suslow and Scroth, 1982). Khan and Khan (2001) reported 
an increase in plant growth and 5deld variables of tomato var. Pusa 
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Ruby plants on inoculation with P. fluorescens. Nandakumar et al. 
(2001) reported that P. fluorescens application as a bacterial suspension 
or a talc based formulation through seed, root, soil and foliar 
application (alone or in combination) promoted plant growth and 
ultimately increased yields under glasshouse or field conditions. Mishra 
and Sinha (2000) observed significant increase in seed germination, 
root length, shoot length and fresh weight of rice in the presence of P. 
fluorescens. 
Beneficial fluorescent pseudomonads can promote plant growth 
and induce disease suppressiveness by several mechanisms. These 
include siderophore production (Kloepper et aZ., 1980b), antibiotic 
production (Brisbane et al, 1987; Thomashow and weller, 1988) HCN 
production (Schippers, 1988) and by competition in soil and root 
colonization (Weller, 1988). 
Growth promotion by P. fluorescens may be due to the production 
of phytohormones like c3^okinins (Garcia de Salamone et al, 2001) or 
other factors like vitamins (Marek-Kazaczok and Skorupska, 2001). Pal 
et al (2001) observed that fluorescent pseudomonads exhibited lAA 
production, phosphate solubilization and siderophore production. These 
substances may play an important role in plant growth promotion by 
these bacteria. Solubilization of soil phosphorus and consequent 
enhancement in its availability to the plant is recognized as one of the 
primary benefits of fluorescent pseudomonads to the plants. 
Solubilization of iron by microbial siderophores has been reported to 
increase crop jdeld significantly (Glick, 1995). 
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Worldwide interest in Pseudomonas for its ability to control 
diseases was sparked off during 1970s (Burr et ah, 1978; Merriman et 
ah, 1974; Kloepper and Schroth, 1978). They have emerged the largest 
and potentially most promising group of PGPR which are also involved 
in biocontrol of plant diseases (Kloepper et al, 1988; Suslow, 1982). 
These bacteria are ideally suited as soil inoculants because of their 
rapid and aggressive root colonization. They have been frequently been 
considered as the biocontrol agent of root diseases of plants. Various 
workers have reported the suppressive effect of Pseudomonas 
fluorescens on Meloidogyne incognita (Siddiqui et al, 2003; Siddiqui and 
Mahmood, 2003; Khan and Akram, 2000; Eapen et al, 1996). 
Fluorescent pseudomonads produce a number of secondary metabolites 
that possess antimicrobial activity (Leisinger and Margraff, 1979). This 
bacterium has been reported to reduce galling by M. incognita on 
tomato, brinjal, mungbean and soybean (Siddiqui and Showkat, 2003). 
Number of galls as well as the number of eggs of M. incognita was found 
to be significantly reduced when P. fluorescens was used for seed 
treatment of tomato (Verma et al, 1999). Soil application of P. 
fluorescens in grapevine resulted in suppression of nematode 
multiplication (Shanthi etal, 1998). 
Pseudomonas spp. have been implicated in the biocontrol of 
damping off of cotton (Loper, 1988), tobacco black root-rot (Keel et al, 
1989), potato seed decay (Xu and Gross, 1986), several wilt diseases 
due to Fusarium spp. Siddiqui et al (2001) observed that Pseudomonas 
fluorescens improved tomato growth and reduced galling and 
multiplication of M. incognita. 
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SECTION - I 
SECTION I 
Status of arbuscular mycorrhizal fungi (AMF), characteristics of soil, 
spore population of AMF in soil and root colonization of some 
commonly cultivated crops in Aligarh District - survey 
Introduction 
Agricultural fields of Aligarh district were surveyed for qualitative 
and quantitative assessment of AM fungal colonization on some 
cultivated crops. Samples for this purpose were collected from four 
different sites under field conditions. Four sites viz., Sasni (A), Khair (B), 
Mehrawal (C) and Dhanipur (D) having some commonly cultivated crops 
like chickpea (Cicer arietinum L.), mungbean (Vigna radiata (L.) Wilczek), 
brinjal (Solanum melongena L.), tomato (Lycopersicon esculentum Mill), 
wheat (Triticum aestivum L.), chilli (Capsicum annum L.) and maize (Zea 
mays L.) were selected for study. 
The soils of the experimental sites were sandy loam and ihe 
characteristics of the soil are given in the Table 1. The temperature of the 
sites ranges from 17.4 to 35.8°C and relative humidity ranges from 64.5 
to 79.3% in a calendar year. All the sites are moderately rainfed and have 
satisfactory irrigational facilities with a soil moisture of 4.05 to 9.00%. 
Materials and methods 
Soil sampling and root sample collection 
Sampling was done for each crop separately from the respective 
fields at sites A, B, C and D in different months (chickpea - January 
2001; mungbean - April 2001; brinjal - July 2001; tomato - December 
2001; wheat - March 2001; chilli - May 2001 and maize - June 2001). 
Soil samples (soil cones of 5 cm diameter) were collected at random 
from each site with the help of soil auger upto a depth of 15 cm near the 
plant base. Forty such samples were collected for each plant species and 
were thoroughly mixed to make a composite sample. From this, seven 
samples of 100 g soil each were used for recovery of spores. 
Soil characteristics 
The soil samples were brought to laboratory, marked and packed 
in polythene bags and their electric conductivity EC and pH were 
measured in the extract collected from 1:1 soil/water suspension (w/v). 
EC was measured with Phillips Conductivity bridge (Jackson, 1973) and 
dip type cell. Soil pH was measured with pH meter (Jackson, 1973). The 
texture of soil in relation to particle size was determined by hydrometer 
method (Allen et al, 1974). Total organic carbon was estimated by the 
method given by Walkley and Black (1934); nitrogen by microkjeldahl 
method (Nelson and Sommers, 1972); phosphorus by molybdenum blue 
method (Allen et al, 1974); and potassium using flame photometer 
(Jackson, 1973). 
Quantitative estimation of spores from soil 
Spores of AM fungi were isolated by wet sieving and decanting 
method (Gerdeman and Nicolson, 1963). For this, a sample of 100 g dry 
soil was mixed in water (1000 ml) and the heavier particles were allowed 
to settle for few seconds. The liquid was poured through a coarse sieve to 
remove large pieces of organic matter. The liquid passed through this 
sieve was collected and again passed through a set of sieves of 80, 100, 
150, 250 and 400 mesh. Spores obtained on the sieves were collected 
with water in separate beakers. Spores in 1 ml of the suspension were 
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counted in nematode counting dish under stereoscopic microscope. Finsd 
number of spores/100 g soil was calculated accordingly for each crop. 
Assessment of colonization by AM fungi 
Clearing and staining (Phillips and Hayman, 1970) 
Roots were washed with tap water, cut into 1 cm long segments, 
and then boiled in 10% Potassium hydroxide (KOH) solution at 90oC for 
45 minutes. Potassium hydroxide solution was then poured off and roots 
were rinsed well in a beaker until no brown colour appeared in the rinsed 
water. Alkaline hydrogen peroxide (H2O2) used to bleach the roots was 
made by adding 3 ml of ammonium hydroxide (NH4OH) to 30 ml of 10% 
hydrogen peroxide and 567 ml of tap water. The roots were rinsed 
thoroughly at least three times using tap water to remove the hydrogen 
peroxide. Roots were then kept in 0.05% trypan blue (in lactophenol) for 
one hour. The specimens were then removed from trypan blue and kept 
overnight for destaining in a solution prepared with acetic acid 
(laboratory grade) - 875 ml, glycerine - 63 ml and distilled water - 62 ml. 
This resulted in the removal of cellular contents and stained the AM 
fungal structures dark blue. These stained root segments were used for 
determining root colonization by AM fungi. Per cent root colonization and 
per cent arbuscules were determined by slide method (Giovanetti and 
Mosse, 1980). Root segments were selected at random from the stained 
sample and mounted on microscopic slides in groups of ten. One 
hundred root segments from each sample were used for the assessment. 
The presence or absence of colonization in each root segment was 






















































































































Number of mycorrhizal segments 
%AM association = x 100 
Total number of segments screened 
Isolated spores were identified with the help of keys provided by different 
workers (Trappe, 1982; Hall and Fish, 1979; Bakshi, 1974; Rani and 
Mukerji, 1988, and Srinivas et at, 1988). The data collected during this 
study were statistically analysed in simple randomized design by the 
method of Dospekhov (1979). Minimum difference required for 
significance (L.S.D) at 5% was calculated by ANOVA model given in 
appendix A. 
Standard devaition (S.D.) 
S.D. for each parameter were calculated by the following formula 
o p ^ ^ (X-X,)MX-X,)^+ (X-X„)^ 
• • • V n - 1 
Where, 
X = Mean of obervations 
Xi, X2, Xn = observations 
n = Number of observations 
Data presented in the tables are in the form of Mean ±S.D 
RESULTS 
Soils collected from the four sites were alkaline, with pH ranging 
from 7.7 at site D to 8.7 at site C and sandy loam in texture (Table 1). 
The electric conductivity was lowest at site D and highest at site C. 
Organic carbon and nitrogen (N) content of soil at site C was highest, 
followed by sites A, B and D. The phosphorus (P) and potassium (K) 
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Table 2: Overall frequency of occurrence of AM fungi at four different 
sites in the Aligarh district 
AM species A* B C D 
G. mosseae 32.98±1.9 36.92±2.3 34.12±2.0 33.76±1.9 
G. constrictum 25.5±2.9 28.70±2.0 27.58±1.5 33.68±2.1 
G. fasdculatum 12.3±2.1 10.36±1.9 12.74±1.3 11.30±1.8 
G. aggregatum 7.9±1.6 8.28±1.2 10.44±1.5 6.68±1.5 
A. scrobiculata 8.64±1.3 4.92±1.4 6.76±1.2 6.78±1.7 
G. gigantea 5.68±1.4 3.38±0.7 6.64±1.2 2.02±0.7 
L.S.D. a t 5 % 2.6 2.8 2.0 2.2 
Table 3 : Percent root colonization a t four different si tes in Aligarh 
district 
Crop A* B C D 
Chickpea 86±2 86±1 81±2 83±1 
Mungbean 67±2 63±2 85±1 61±2 
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Fig. 2. Percent root colonization at four different sites in Aligarh 
district 
contents in the soils did not vary widely. Phosphorus content ranged 
between 7.2 and 8.4 kg/ha, the highest being at site C. Potassium 
content ranged from 92.3 to 97.2 kg/ha, with site B having the highest 
value (Table 1). 
The overall frequency of occurrence of AM fungi at all the four sites 
showed that Glomus mosseae spores were significantly more frequent 
than the other five species studied (fig.l). However, at site D, the 
frequency of occurrence of G. mosseae spores was similar to those of 
Glomus constrictum spores. At all sites, frequency of Glomus constrictum 
spores was significantly more than that of G. fasciculatum spores. Except 
at site B, G. fasciculatum spores were more frequent than those of 
Glomus aggregatum. Glomus gigantea had lower spore counts at all sites 
and it was at par with A. scrobiculata at sites B and C and significantly 
lower than A. scrobiculata at sites A and D (Table 2). 
The distribution of spores of the encountered species of AM fungi at 
various sites under different cultivated crops is given in fig.3-6. Soil from 
maize tlelds at sites A and C had significantly more spores than other 
crops. At sites B and D, the same was true of soils from chilli fields. 
Except at site C, soil collected from the fields of mungbean had the 
lowest spore value and it was at par with brinjal and tomato soils at site 
A (Table 4), with tomato soil at site B (Table 5), and with brinjal soil at 
site D (Table 7). At site C (Table 6), tomato soil had the lowest spore 
count which was at par with brinjal soil. The number of spores in these 
two soils was significantly lower than in the other soils. 
The variation between AM fungal species in spore number/100 g 
soil collected during the cultivation period of different crops was high. In 
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Gm* Gc Gf Ga As Gg 
Chickpea 336±18.5 57±3.2 109±6.2 5±2.2 72±4.3 32±2.0 61±4.12 
Mungbean 285±20.4 65±2.8 111±4.1 59±2.0 3±i.5 5±1.5 42±3.8 
Brinjal 298±17.3 174±3.8 25±2.9 29±2.8 31±1.8 24±2.4 15±2.0 
Tomato 308±16.8 183±3.0 67±3.1 24±1.2 3±1.0 20±2.3 11±2.0 
332±22.5 107±3.7 73±4.8 94±3.7 9±1.8 42±3.3 7±1.2 
340±19.6 121±3.5 139±5.8 8±2.5 11±1.8 63±3.4 2±1.4 
365127.2 122±3.2 82±3.8 81±4.7 52±3.7 21±2.1 7±1.4 
L.S.D.at 
5% 
25 4.4 5.6 3.9 3.3 3.3 2.7 
Table 5: Spore population of difTerent AM fungal species at Khair (B) 
Crop Total spores/100 
g soil 
Number of spores 
Gm* Gc Gf Ga As Gg 
Chickpea 320x23.1 
Mungbean 280±30.2 
97±6.6 161±2.9 24±2.3 30±4.4 5±3.5 3±1.8 
115±4.5 77±3.3 28±2.3 55+7.4 3±1.2 2±2.3 
Brinjal 317127.5 134±5.0 90±4.0 44±2.1 43±6.6 4±3.3 2±2.0 




338±22.6 16612.4 5012.7 3412.0 212.3 4415.5 4115.2 
415132.2 18412.0 13612.5 911.5 44±3.3 4315.7 912.9 
350119.4 15713.1 13113.4 3011.5 1912.3 713.3 614.1 
L.S.D.at 
5% 
34 5.7 3.7 2.4 5.5 5.4 4.9 
* Gm - Glomus mosseae; Gc - G. constrictum; Gf - G. fasciculatum; Ga -
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Fig. 3. Spore population of different AM fungal species 
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Fig. 4. Spore population of different AM fungal species 
atKhair(B) 
general, the spore number of G. mosseae and G. constrictum was more 
than the other species. At site A (Table 4) the spore population of G. 
mosseae in soil collected from brinjal, tomato, wheat and maize soil was 
more than that of the other five species of AM fungi. In case of chickpea, 
mungbean and chilli soils, the spore population of G. constrictum was 
more than the other five species. At site B (Table 5), the spore population 
of G. mosseae in soil collected from mungbean, brinjal, wheat, chilli, 
tomato and maize fields was more than the other five species. In case of 
chickpea from the same site, G. constrictum. spores were more a b u n d a n t 
than those of the other five species (Table 5). At site C (Table 6) chickpea, 
tomato, wheat and chilli had more G. mosseae spores t han those of other 
species, while mungbean, brinjal and maize soils had more G. 
constrictum spores. At site D (Table 7) G. mosseae spores in brinjal, chilli 
and maize soils were the most abundan t while chickpea, mungbean, 
tomato and wheat soil had more G. constrictum.. 
In general, spore number of A. scrobiculata and G. gigantae were 
less than the other species. It was found that there was no definite 
relationship between crop and AM fungi a s the spore number in soils 
collected during different crop periods varied at different sites. But it was 
found that AM fungi preferred chilli and maize crops than the other crops 
studied, as the percent colonization was more in these crops at all sites 
(fig.2). Mungbean had the lowest colonization at site A, B and D, bu t at 
site C, the same was true of tomato (Table 3). 
Discussion 
In natural conditions most plants are associated with mycorrhizal 
fungi and the same result was also encountered in this study. The degree 
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Table6: Spore population of different AM fungal species at Mehrawal (C) 
Crop Total 
spores/100 
g soil Gm* 
Number of spores 
Gc Gf Ga As Gg 
Chickpea 196±18.8 115±2.9 35±2.2 25±1.8 9±2.2 8±2.0 4±1.8 
Mungbean 230±18.9 44±3.3 51±3.8 29±1.5 24±2.5 43±4.0 39±3.8 
Brinjal 175±19.5 45±2.2 57±3.8 22±1.5 17±1.5 19±1.0 15±2.4 




192±17.4 65±4.5 27±3.0 20±1.5 48±2.9 20±2.0 12±2.5 
234±15.0 90±4.3 80±2.9 30±1.8 12±2.2 15±2.7 7±0.7 
290±17.5 73±1.5 126±2.5 34±2.1 24±1.5 5±1.4 28±2.4 
L.S.D.at 
5% 







of different AM fungal species 
Gm* 
at Dhanipur 
Number of spores 
Gc Gf Ga As 
(D) 
Gg 
Chickpea 335±22.8 116±3.9 169±3.8 30±3.5 14±2.5 4±1.5 2±2.0 
Mungbean 248±18.6 72±3.1 90±3.8 40±3.3 40±6.3 3±1.2 3±3.0 
Brinjal 257±22.3 152±5.1 53±3.2 23±3.0 13±2.5 16±3.1 0 
Tomato 
Wheat 
312±22.7 64±4.3 95±6.5 54±3.7 36±6.8 61±7.6 2±1.2 
330±36.4 72±3.8 126±3.8 25±2.3 32±3.5 43±4.5 34±5.5 
ChiUi 388±25.1 150±2.4 144±3.0 59±3.9 10±2.0 20±4.3 5±2.3 
Maize 343±20.1 174±3.3 126±4.1 24±2.7 9±4.0 9±4.0 1±1.4 
L.S.D.at 
5% 
34 5.2 5.0 3.2 5.8 5.9 2.8 
* Gm - Glomus mosseae; Gc - G. constrictum; Gf - G. fasciculatum; Ga -
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of AM formation varied with the host crop and soil conditions. Similar 
results were obtained by Muthukumar et al. (1996) who pointed out that 
AM fungal colonization varied considerably between different species. No 
definite relationship was observed between the edaphic factors and 
mycorrhizal development. Carvalho et al (2001) also reported that 
distribtion of mycorrhiza was more dependent on host plant species than 
on environmental conditions. Similar results have been reported by other 
workers (Talukdar and Germida, 1993 and Hafeel and Gunatillche, 
1988). 
Percent root colonization of roots and the total number of spores in 
the rhizosphere of crops grown at site C (55-91% and 163-290 
spores/100 g soil) was generally low as compared to other sites. AM 
colonization in roots was below 96 per cent in all the crops at B and D 
sites, whereas at site A and C it ranged from 63 to 89 per cent in all 
crops. The colonization increased gradually with an increase in the spore 
number. Due to the difference in pH and soil characteristics, the number 
of spores as well as root percent colonization varied, the highest being at 
site B. 
All the crops were colonized extensively by the AM fungi. No 
definite relationship between crop and AM fungi was observed as spore 
number in soils collected during different crop seasons varied at different 
sites, but AM fungi preffered chilli and maize crops than the others. In 
general the leguminous as well as the other crop species are mycorrhizal 
in nature (Mosse, 1976). Multiple infection was observed in all cultivated 
crops at all the four sites in this survey and the diversity in AM fungal 
spore types was high. Similar results were obtained by Khalil et al. (1992) 
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and Mosse (1973). Hayman and Storold (1979) and Padmavathi et al. 
(1991) also observed that spores belonging to more than one species of 
AM fungi are often found in agricultural soils. Dwivedi et al. (2003) also 
reported similar findings. The spores of only three genera were found in 
the sample collected from all the four sites in the present s tudy.but the 
level of colonization varied from site to site. Glomus was the 
predominant genus followed by Acaulospora and Gigaspora. Acaulospora 
and Glomus were found to be the dominant AM fungi by ZhiWei et al. 
(2001). Difference in the per cent colonization and sporulation of the 
same symbiont in association with different crops growing in similar 
environment may be attributed to the specificity of the symbiont to the 
crop. 
It h a s been reported that availability of the substrate in root 
(Schwab et al. 1983; Abott and Robson, 1985) and the various soil 
factors affect the production of external hyphae. Complex environmental 
factors, seasonal fluctuations, agricultural practices, and the other soil 
microflora may also influence the development of AM fungi. 
AM fungi are widespread in occurrence and due to their potential 
for crop improvement they have been investigated extensively (Mukerji, 
1995; Mukerji and Dixon, 1992 and Powell and Bagyaraj, 1982). Natural 
occurrence and predominance of Glomus, Acaulospora and Gigaspora in 
the cultivated soils at all the four sites indicates that there is need for 
maintaining them in cultivated soils through proper management . They 
may be utilized as biofertilizer and biocontrol agents. 
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Summary 
A study was conducted to assess the arbuscular mycorrhizal fungal 
(AMF) spore population and per cent root colonization in commonly 
cultivated crops of Aligarh district. Edaphic characteristics of rhizosphere 
soil from these localities were also studied. Crops commonly cultivated in 
Aligarh district like chickpea, mungbean, brinjal, tomato, wheat, chilli 
and maize were examined for their AM s ta tus . Six species of AM fungi 
belonging to three genera viz., Glomus (4 species), Acaulospora (1 species) 
and Gigaspora (1 species) were found to be associated with these crops. 
Glomus was the predominant genus and showed high frequency of 
occurrence at all the sites investigated. High values of per cent 
colonization were observed (above 70 per cent in majority of the cases). 
There was no definite relationship between cultivated crops and the AM 
fungi, a s the spore number in soil obtained from rhizosphere of p lants 
during different crops varied at different sites but AM fungi preferred 
chilli and maize crops. No definite relationship was observed between 
mycorrhizal infection and the prevalent edaphic factors. The result of this 
study emphasize the need to assess the s ta tus of arbuscular mycorrhizal 
association of crop plants from different micro-ecosystems to unders tand 
their mycorrhizal s ta tus . 
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SECTION - II 
SECTION II 
Screening of arbuscular mycorrhizal fungi (AMF) for the selection 
of the most efilcient AMP inoculant for tomato var. Pusa Ruby 
Introduction 
Though association with AM fungi is known to improve nutrient 
uptake by plants and resistance or tolerance to drought and root 
pathogens (Singh, 1994; Mosse, 1973; Powell et al, 1980). AM fungi 
vary in their physiological interaction with different hosts and hence the 
efficiency of the association depends both on the plant species as well 
as the AM fungus (Powell et al, 1980). Thus AMF differ in their ability 
to promote the growth of a particular host ( Carling and Brown, 1980; 
Krishna and Dart, 1984; Haripriya and Sekharan, 2002).This has led to 
the introduction of the concept of 'efficient' or 'effective strains' (Abbott 
and Robson, 1981). Generally, those fungi that infest and colonize the 
root system more rapidly are considered efficient (Munns and Mosse, 
1980). The usefulness of mycorrhizae is especially appropriate in the 
development of sustainable systems of agriculture (Mosse, 1986) so as 
to produce the desirable effect of improving plant growth and inducing 
resistance to pathogen in given environmental conditions (Bali et at, 
1987). The information to select efficient AM fungi for inoculating 
tomato var. Pusa Ruby to achieve better growth and drought resistance 
is still meagre. Hence, there is a need to identify specific host 
endomycorrhizal associations and to define conditions under which 
these associations function efficiently. The present study is a step 
towards the identification of efficient AM fungi for tomato crop. 
Materials and methods 
Production of AM fungal inoculum 
Collection of soil sample 
Morphologically different types of spores recovered from the 
rhizosphere soils were collected separately. In order to collect spores of 
AM fungi from each site, fifty soil samples were collected from the crop 
fields in Aligarh and adjoining areas with the help of soil auger upto a 
depth of 15 cm from the rhizosphere of the plants. 
Isolation of spores 
Spores of AM fungi present in the soil samples were isolated by wet 
sieving and decanting method (Gerdemann and Nicolson, 1963). Each 
sample of 100 g dry soil was taken in 1000 ml of water, thoroughly 
shaken and left for a minute to let the heavier particles settle down. The 
soil solution was first passed through coarse sieve and then decanted 
on to a series of sieves of varied pore size i.e. 80, 150, 250 and 300 
mesh. The spores obtained on sieves were collected with water in 
separate beakers. The spore suspensions were repeatedly washed with 
Ringers' solution (NaCl 6gl ^ Kcl O.lgl-^ and CaCl2 O.lgl-^ in distilled 
water of pH 7.4) in order to remove the adherent soil particles from the 
spores. The following species were found to be of common occurrence in 
the agricultural fields of Aligarh district: 
Glomus mosseae 




Acaulospora scrobiculata and, 
Gigaspora gigantea. 
All the above mentioned species were evaluated for their potential as 
effective AM inoculant for tomato (var. Pusa Ruby). The spores of AM 
fungi were identified under a dissecting microscope with the help of 
synoptic keys suggested by Trappe (1982). The spores of AM fungal 
species were separated by picking and used for pot culture. Spores were 
separated with a microspatula and picked u p by a Pasteur pipette fitted 
with rubber bulb. These tools were surface sterilized for two minutes in 
a solution containing chloroamine T 20 gl-i, Streptomycin 300 mgl-^ and 
Tween 80 in trace amount / l i t re of distilled water. 
Maintenance of AM fungal culture 
Pure culture of six AM fungi viz. Glomus mosseae Gerde. and 
Trappe (Nicol and Gerd); Glomus fasciculatum (Thaxter sensu Gerd); 
Glomus aggregatum (Schenck and Smith emend Koske); Glomus 
constrictum (Trappe); Acaulospora scrobiculata (Trappe); Gigaspora 
gigantea Nicol. and Gerd (Gerdmann and Trappe), collected during the 
survey (Section I) were raised on maize (Zea mays) grown in pots under 
glasshouse conditions. To raise maize, seeds were surface sterilized with 
0 .1% solution of mercuric chloride (HgCb) and sown (5 seeds per pot) in 
9 cm diameter clay pots, containing sterilized soil (66% sand, 24% silt, 
8% clay, OM 2%, pH 7.5). Fifty spores of each AM fungal species per pot 
were layered at 6 and 2 cm depths in 50 clay pots. Thinning was done 
so as to maintain one seedling per pot. After 125 days, the plants were 
uprooted and the spores were isolated by wet sieving and decanting 
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method from the pot soil and the roots were stained and exemiined for 
AM colonization. The spores, hyphal fragments and small plant root 
segments were then used for further experiments. The population of 
different AM fungi in the inoculum was assessed by the most probable 
number method (Porter, 1979). 
Inoculation with AM fungi 
In order to select efficient AM inoculant for tomato, the AM fungi 
recovered form agricultural fields were evaluated for their efficiency in 
improving the performance of the crop (tomato var. Pusa Ruby). The 
following AM fungi were used in the experiment: Glomus mosseae, G. 
fasciculatum, G. aggregatum, G. constrictum, Acaulospora scrobiculata 
and Gigaspora gigantea. 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (25 cm 
diameter) from seeds surface sterilized with 0.01% mercuric chloride. 
The surface sterilized seeds were sown in pots filled with autoclaved 
sandy loam soil (66% sand; 24% silt; 8% clay; 2% OM, pH 7.7) and one-
week-old seedling were transplanted in 15 cm diameter clay pots. Each 
pot filled with 920 g sterilized soil; 80g soil with AM inoculum was 
added later to make the amount of soil 1kg per pot. Before 
transplanting the seedlings, the mycorrhizal inoculum of different AM 
fungi was separately placed below the seedlings by the layering method 
(Menge et al, 1977). The inoculum was spread as a layer at a depth of 
3-5 cm in the pot at the time of planting. The inoculum consisted of a 
mixture of infected root segments and soil with extramatrical hyphae 
and spores (1000 spores/pot) from cultures of different AM fungi 
maintained on maize [Zea mays). The seedlings were recovered with a 
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layer of soil to ensure the development of an efficient host fungus 
association. For each treatment 5 replicates were maintained. A control 
series was also maintained wherein no inoculum of AM fungi was added 
to the soil. Pots were watered appropriately and maintained in a glass 
house with air temperature ranging from 30 ± 2°C. 
The plants were examined 60 days after transplantat ion for 
determining plant growth, mycorrhization and nutr ient s ta tus of the 
plants. The samples of roots and soils were processed a s described 
earlier in Section I. Mycorrhization was recorded in te rms of mycorrhizal 
intensity in roots i.e., external colonization percentage, internal 
colonization percentage, average number of chlamydospores in 1 cm 
root segment and number of spores recovered from lOOg dry 
rhizosphere soil. All the data were analyzed statistically by the method 
of Dospekhov (1979). Minimum difference required for significance 
(L.S.D.) at 5% level was calculated by the ANOVA model given in 
appendix B. 
The performance of the crop raised with added inoculum of selected 
AM fungal species was compared with that of control and the AM 
fungus causing maximum improvement in the performance over control 
was selected, a s efficient AM inoculant for the tomato var. Pusa Ruby. 
Parameters studied 
The following parametes were determined for each treatment of the 
experiment: 
Shoot and root length; 
Fresh and dry weight of shoot and root; 
Percent nitrogeri, phosphorus and potassium content of plant; 
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Mycorrhization in te rms of external colonization percentage, 
internal colonization percentage, average number of spores in one 
cm root segment, and number of spores recovered from 100 g dry 
rhizosphere soil. 
Plant growth parameters 
Length, fresh weight and dry weight of shoots and roots were 
recorded for each treatment. Plants of each treatment were taken out 
from the pots and soil particles adhering to roots were removed by 
washing in tap water and labelled properly. In the laboratory, shoot and 
root lengths were measured with a measuring tape and fresh weights of 
shoot and root were determined with the help of physical balance. For 
determining dry weights, p lants from each treatment were wrapped in 
blotting paper sheets, labelled, and then dried in a hot air oven at 60°C 
for 24-48 hours before weighing. 
Root colonization and spore est imation 
At the tennination of the experiment root colonization in terms of 
per cent external and internal colonization, per cent arbuscules, 
average number of spores in one cm root segment and estimation of 
spores (in 100 g rhizosphere soil) in the same soil samples were used for 
the assessment of root colonization, a s described in section 1. 
Nutrient status 
Plant samples from each treatment were processed for estimating 
nitrogen (N), phosphorus (P) and potassium (K) contents of leaves. For 
this, the samples were first dried in an oven at 80°C for 24 hours . The 
dried material was powdered and the powder was passed through a 
sieve of 72 mesh. 
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Digestion of powder 
The powder so obtained was digested according to the method 
given by Lindner (1944). 100 mg of the powder from each treatment was 
transferred separately in 50 ml Kjeldahl flask, then 2 ml of pure 
sulphuric acid was added and the flask was heated on Kjeldahl 
assembly for about 2 hours, till dense fumes were given off and the 
contents turned black. After cooling for 15 minutes, 0.5 ml of pure 30% 
hydrogen peroxide was added drop by drop and this procedure was 
repeated till a clear solution was obtained. The aliquot so obtained was 
transferred to a 100 ml volumetric flask, with 3-4 washings, and the 
volume was made upto capacity. This was used for estimating nitrogen, 
phosphorus and potassium in plant material. 
Estimation of nitrogen 
Nitrogen was estimated by the method of Lindner (1944) 
A 10 ml of aliquot (obtained as described above) was 
transferred to 100 ml volumetric flask to which 2 ml of 2.5 N sodium 
hydroxide was added so as to neutralize the excess of acid. 1 ml of 10% 
sodium silicate was added to prevent turbidity. The volume was made 
upto capacity with double distilled water (DDW). 5 ml of aliquot so 
treated was taken in 10 ml test tube, followed by addition of 0.5 ml 
Nesseler's reagent with shaking and volume was made upto capacity 
with DDW. After waiting for 5 minutes to develop the colour, the optical 
density of the solution was determined at 525 nm on spectophotometer. 
A blank was prepared by adding 0.5ml of Nesseler's reagent, 2ml of 
2.5N NaOH, and 1ml of 10% sodium silicate in a 10ml graduated test 
tube and the final volume was made by adding 6.5ml of DDW. 
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Nitrogen standard curve 
A standard curve was prepared by taking 25mg of ammonium 
sulphate in a 500ml of volumetric flask and volume was made with 
DDW. From this solution 0 .1 , 0.2, 0.3, 1.0 ml was taken by 
pipette and poured into the 10 test tubes . These were then diluted upto 
5 ml. Thereafter 0.5 ml of Nesseler's reagent was added, a yellow colour 
was developed in a few minutes . The solution of a s tandard and sample 
were read using spectophotometer. Each solution was transferred in a 
spectophotometer tube and absorbance was read at 525nm. 
A calibration curve was plotted with optical density on X- axis and 
known concentration of ammonium sulphate on Y- axis and the 
nitrogen was expressed in terms of percentage on dry weight bases. 
Estimation of phosphorus 
Phosphorus content was estimated by the method of Fiske and 
Subba Row (1925). 
A 5ml of aliquot of digested plant material was taken in 10 test 
tubes . After that 1 rnl of ammonium molybdic acid v/as added, with 
shaking, followed by addition of 0.4 ml of 1-amino, 2-nepthol, 4-
sulphonic acid. The colour turned blue and the volume was made upto 
10 ml with DDW. The solution was shaken for 5 minutes and then 
transferred to a calorimetric tube to observe the optical density on 
spectophotometer at 625nm 
Simultaneously a blank prepared by taking 8.6ml of DDW +lml 
molybdic acid and 0.4ml of l-amino-2 nephthol- 4- sulphonic acid was 
run with each set of determination 
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Phosphorus standard curve 
A s tandard solution was prepared by dissolving 350 mg of 
KH2PO4 in 500 ml of DDW to which 10ml of ION sulphuric acid was 
added and the final volume was made upto 1000 ml with DDW. From 
this stock solution different concentration ranging from 0 .1 , 0.2, 0.3, 
— 1.0 ml concentration was taken in 10 different test tubes. In each 
test tube 1 ml of molybdic acid and 0.4 ml of l-amino-2 nephthol- 4-
sulphonic acid was added. After 5 minutes optical density was read at 
625nm on spectophotometer. A s tandard curve was prepared using 
different dilutions of KH2PO4 and optical density. With the help of this 
s tandard curve , the phosphorus content in terms of percentage was 
determined 
Estimation of potassium 
Potassium content was estimated flame photometerically. A 10 ml 
of peroxide digested material was taken to read potassium content. A 
blank (distilled water) was also set for determination 
Potassium standard curve 
For preparation of s tandard curve, 1.91 g of KCl was diluted to 1 
litre. The resulting solution was 10 ppm of K. From this solution 1 ,2 , 
3, 10 ml solution was transferred to different plastic vials 
respectively. The solution in each vial was diluted upto 10 ml with the 
help of DDW. The diluted solution of each vial should be run separately. 
A blank (DW) was also run with each set of determination. The reading 
were compared with the calibration curve plotted with the help of 
known dilutions of potassium chloride solution. The potassium was 




The effect of different AM fungi on plant length was examined in 
terms of shoot, root and total length of the tomato plants (Table 8). 
Maximum enhancement in shoot length was caused by G. mosseae 
(48.3%) followed by G. fasciculatum and G. constrictum. Inoculation with 
G. aggregatum also resulted in increased shoot length, but it was 
significantly less than that caused by the other three species of Glomus. 
A. scrobiculata and G. gigantea failed to cause a significant increase in 
shoot length (Fig. 7). 
As compared to the uninoculated control, G. mosseae, G. 
fasciculatum, G. constrictum and Gigaspora gigantea resulted in 
significantiy higher root length ( 27.8%, 18.2%, 22.5% and 17.7%). 
However, G. aggregatum and A. scrobiculata failed to cause any 
significant increase in root length (Fig. 8). 
Maximum enhancement in plant length was observed in plants 
inoculated with G. mosseae (41%). G. fasciculatum and G. constrictum 
caused similar increase in plant length, but was lesser than that caused 
by G. mosseae. They were followed by G. aggregatum. Length of plants 
inoculated with A. scrobiculata and G. gigantea did not differ 
significantly from the uninoculated control (Fig. 9). 
Fresh weight 
Inoculation of plants with different AM species caused a significant 
increase in shoot fresh weight as compared to the uninoculated control 
(Fig. 10). Maximum enhancement m shoot fresh weight was caused by 
G. mosseae (47.8%). Inoculation with G. constrictum, G. fasciculatum, G. 
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Table 8: Effect of difierent arbuscular mycorrhizal (AM) fungi on 
shoot ,root and plant length of tomato var. Pusa Ruby 
Treatment Shoot length Root length Plant length 





























L.S.D. at 5% 3.0 2.5 5.2 
Table 9: Effect of different arbuscular mycorrhizal (AM) fimgi on 
shoot ,root and plant fresh weight of tomato var. Pusa Ruby 
Treatment Shoot firesh Root firesh Plant fresh 
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Fig. 12 Effect of different AIM fungi on plant fresh weight of tomato 
gigantea, G. aggregatum and A. scrobiculata also resulted in 
significantly higher shoot fresh weight (Table 9). 
Inoculation with G. fasciculatum, G. constrictum, G. gigantea and A. 
scrobiculata caused significant increase in root ft-esh weight. Maximum 
increase was, however, observed in plants inoculated with G. mosseae 
(55.7%). Only G aggregatum failed to cause any significant increase in 
root fresh weight (Table 9). 
Inoculation of plants with different AM species caused a significant 
increase in plant fresh weight compared to uninoculated control. 
Maximum enhancement was caused by G. mosseae (49.8%). G. 
fasciculatum and G. constrictum caused almost a similar increase in 
plant fresh weight. A. scrobiculata, G. gigantea and G. aggregatum also 
resulted in significant increase in plant fresh weight, bu t it was less 
than that in plants inoculated with G. fasciculatum and G. 
constnctum(Table 9). 
Dry weight 
Increase in shoot dry weight was observed only with G. mosseae 
(40.5%) followed by G. constrictum (24.7%). The other four AM fungal 
inoculants failed to increase shoot dry weight significantly (Table 10). 
Inoculation with G. aggregatum and A. scrobiculata failed to cause a 
significant increase in root dry weight. G. mosseae, G. fasciculatum, G. 
constrictum and G. gigantea caused statistically similar and significant 
increase in root dry weight (Table 10). 
G. mosseae, G. fasciculatum sind G. constrictum were the only inoculants 
that resulted in significant enhancement in plant dry weight. Maximum 
enhancement was caused by G. mosseae (50.0%). G. aggregatum, A. 
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Table 10: Effect of different arbuscular mycorrhizal (AM) fungi on 








































Table 11: Effect of different arbuscular mycorrhizal (AM) fiingi on 
nitrogen, phosphorus and potassium content of tomato 
Treatment Nitrogen Phosphorus Potassium 
(%) (%) (%) 
Control 2.0010.24 0.30710.004 1.3310.35 




2.2810.21 0.30210.003 1.8410.04 
2.1310.21 0.33510.026 1.640.0.06 
2.3610.04 0.36410.006 1.8910.05 
A. scrobitnilata 
G.gigantea 
L.S.D. at 5% 
2.0110.04 0.33710.005 1.3710.03 
2.1010.16 0.31.610.007 1.4510.03 
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Fig. 18 Effect of different AIM fungi on potassium content of tomato 
scrobiculata and G. gigantea inoculation resulted in plant dry weight 
statistically similar to the uninoculated control (Table 10). 
Nutrient status 
Inoculation with G. aggregatum, A. scrobiculata and G. gigantea 
failed to enhance the nitrogen content of plants. G. mosseae caused 
maximum increase (29.5%) in nitrogen content followed by G. 
constrictum and G. fasciculatum (Table 11). 
The phosphorus content of the plants inoculated with G. mosseae 
was the highest (23.4%), followed by G. constrictum. inoculated plants. 
Phosphorus content of p lants treated with G. aggregatum and A. 
scrobiculata was similar bu t was significantiy lower than those 
inoculated with G. mosseae and G. constrictum^ No signficant difference 
was recorded in phosphorus contents of the plants treated with G. 
fasciculatum and G. gigantea and those of the uninoculated control 
(Fig. 17). 
The potassium content of plants inoculated with G. m.osseae was 
the highest (58.6'/»), followed by G. constrictum and G. fasciculatum. 
Potassium content of plants inoculated with G. aggregatum was 
significantly lower than that of p lants inoculated with the other three 
species of Glomus. Inoculation with A. scrobiculata and G. gigantea 
failed to cause any significant increase in potassium content (Table 11). 
Mycorrhization 
Five parameters (as given in Table 12) were used for estimating 
mycorrhization. 
The number of chlamydospores per cm root segment showed wide 
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Fig. 19 Number of chlamydospores per gram root segment of tomato 
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Fig. 20 Internal colonization percentage of different AM fungal species 
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Fig. 21 External colonization percentage of different AM fungal species 
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Fig. 22 Percentage of arbuscules formed by different AIM fungal 
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Fg. 23 Number of chlamydospres recovered from 100 g rhizosphere 
soil of tomato plants inoculated with different AM fungi 
observed in plants inoculated with G. gigantea, G. aggregatum and A. 
scrobiculata. Highest values were observed for G. mosseae, G. 
fasciculatum and G. constrictum (Fig. 19). 
Internal colonization percentage was highest in G. fasciculatum and 
lowest in G. gigantea inoculated plants. Inoculation with other AM 
species showed internal colonization values intermediate between these 
two. Similar trend was observed for percent arbuscules. External 
colonization values and the number of chlamydospores/100 g 
rhizosphere soil was highest in G. mosseae inoculated plants. 
Inoculation with other species resulted in lower values for these 
parameter (Fig. 20-23). 
Discussion 
The usefulness of AM fungi is demonstrated by the enhanced values 
of plant growth parameters. Enhanced plant growth and yield resulting 
from the use of AM fungi has been reported by many workers (Jothi and 
Sundarababu, 2000; Gerdemann, 1968; Tinker, 1975; Raju et al, 
1990). Fresh and dry weights of AMF inoculated plants were observed to 
be higher compared to the control. Enhanced shoot and root dry 
weights in mycorrhizal plants have been reported by many workers 
(Reddy and Bagyaraj, 1990; Manjunath and Bagyaraj, 1984; Ramraj 
and Shanmugam, 1990). AM fungi differ considerably in their ability to 
promote plant growth. Various workers have reported similar variation 
in the growth promoting efficiency of different AM fungi (Carling and 
Brown, 1980; Krishna and Dart, 1984). Better plant growth in AM 
infected plants could be due to enhanced nutrient contents of the plant. 
Enhanced absorption and accumulation of several.Qiii£i^iigBSUch as N, 
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P, K, Zn, Mn, Fe, Ca and S in mycorrhizal plants has been reported by 
many workers (Bowen et al, 1975; Powell, 1975; Selvaraj et al, 1986 
and Dhillon, 1992). AM fungi also enhance the concentration of 
different organic compounds in roots and can improve the productivity 
of host plants (Selvaraj et al, 1995). Glomus mosseae was found to be 
the most effective AM fungus in enhancing the growth of tomato var. 
Pusa Ruby under glasshouse conditions. Differential ability of AM fungi 
in promoting plant growth has been reported by many workers 
(Haripriya and Sekharan, 2002; Estaum, et al 2003). Sundaram and 
Arangarasum (1995) reported that out of four cultures of AM fungi, 
Glomus fasciculatum gave the highest fruit yield in tomato plants. 
Bagyaraj et al. (1989) reported that different strains of AM fungi differ in 
their capability to increase nutrient uptake and plant growth and 
therefore there is need for selecting the efficient ones. 
N, P and K content of mycorrhizal plants was higher compared to 
control. Increased absorption of mineral nutrients, primarily 
phosphorus, has been reported in many cases (Powell, 1979; Cooper 
and Tinker, 1978). It has been established by Rhodes and Gerdemann 
(1975) that the mycorrhizal plants can exploit several times the volume 
of soil available to a non-mycorrhizal plant, and achieve more active 
translocation of minerals along the extramatrical hyphae compared to 
the non-mycorrhizal ones. Effectiveness of an AM fungus has been 
correlated with its ability to produce more external hyphae (Schiltema 
et al, 1985) as the digestion of arbuscules could not provide the plant 
with more than 0.065 per cent of the phosphorus that enters the 
mycorrhizae (Sander and Tinker, 1973 and Cox and Tinker, 1976). 
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Glomus mosseae inoculated plants showed higher values of 
mycorrhization parameters compared to the other AM species. Similar 
results, showing differential colonization of the same host by different 
AMF species, have been reported by Haripriya and Sekharan, 2002 • 
In the present study, Glomus m.osseae h a s been found to be more 
efficient in overall performance including N, P and K s ta tus on tomato 
compared to others, and it is followed by G. constrictum. Similarly, 
Ramraj and Shanmugam (1990) have come across G. etunicatum to be 
more effective in increasing the shoot dry weight of cowpea. A 
significant response of soyabean to AM fungi in phosphorus deficient 
soil has been reported by Raverkar and Tilak (1988) and Ross (1970). 
Similar results have been obtained in cassava by Sulochana et at. 
(1995), and in chickpea by Singh and Verma (1987) where G. 
fasciculatum and G. etunicatum. proved to be the most effective ones in 
the respective crops. In the present, study, it h a s been found tha t G. 
mosseae supports the highest plant growth in terms of length and 
biomass of plants at maturity. Biomass production, mycorrhizal 
colonization, sporulation and nutrient contents have also been found to 
be significantly high in the inoculated plants with G. mosseae compared 
to all the other five AM fungal species. It could be, therefore, designated 
as the potential AMF inoculant for tomato var. Pusa Ruby for successful 
plant growth and yield. 
Summary 
The objective of this section was to select the most efficient 
arbuscular mycorrhizal fungi (AMF) inoculant for tomato var. Pusa 
Ruby. Six different AMF were evaluated for their efficiency in promoting 
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growth and nutrient content of tomato plants. Inoculation with AMF 
species resulted in higher values of plant growth parameters and 
nutrient status. Mycorrhization was studied in terms of multiplication 
of the AM fungi, internal and external colonization and percent 
arbuscules. Glomus mosseae showed the highest values for most of the 
growth parameters, nutrient content and mycorrhization parameters. G. 
constrictum was the second most effective AMF inoculant after G. 
mosseae'Gigaspora gigantae and Acaulospora scrobiculata showed poor 
values for most of the parameters studied. On the basis of this study G. 
mosseae was selected as the most effective AMF inoculant for tomato 
var. Pusa Ruby, which can be used as biofertilizer and potential 
biocontrol agent. 
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SECTION - III 
SECTION III 
Effect of arbuscular mycorrhizal fungi, Glomus mosseae on the 
development of root- knot nematode, Meloidogyne incognita on 
tomato 
Introduction 
A variety of micro-organisms exist in the rhizosphere and 
rhizoplane of plants . AM fungi are among the most commonly occuring 
mutualistic rhizosphere micro-organisms. They are associated with all 
the cultivated crop plants and can significantly increase the nutr ient 
uptake (Hayman, 1982 and Mosse, 1975 ). Nematodes are one of the 
most destructive class of harmful rhizosphere micro-organisms. 
Simultaneous colonization and infection of roots by different microbes 
inevitably leads to interference in each others activities 
(Linderman, 1985). When present in the rhizosphere of the same plant, 
in association with the same root t issue, AM fungi and nematodes exert 
characteristic bu t opposite effect on the plant. The interaction between 
AM fungi and plant parasitic nematodes has been studied by several 
workers (Fox and Spasoff, 1972; Sikora and Schoenbeck, 1975; 
Bagyaraj et al, 1979; Hussey and Roncadori, 1982 and Babu and 
Suguna, 2000). 
Numerous workers have shown that association with AM fungi 
generally induces tolerance to nematode in susceptible plants (Heald et 
al, 1989; Cooper and Grandison, 1987; Lingaraju and Goswami, 1993 ; 
Haiyen et al, 2002 and Talavera, 2001). AM fungi are also known to 
mitigate the adverse effects of plant parasitic nematodes on plant 
growth (Sikora, 1979; Ja in and Sethi, 1987). Fox and Spasoff (1972) 
showed that a s little as 10 spores/pot of Gigaspora gigantea suppressed 
the reproduction of Heterodera solanacearum on tobacco. Similar 
results were obtained with Pratylenchus brachyrus on cotton (Hussey 
and Roncadori, 1982). Schenck and Kellam (1978) obtained reduction 
in the number of galls of Meloidogyne incognita on soyabean with 25 
spores of Glomus macrocarpus var. macrocarpus. Similarly population of 
Rotylenchulus reniformis were reduced by 150 chalamydospores and egg 
masses and the adult females of M. incognita with 300 chlamydospores 
of G. fasciculatum on tomato and cotton respectively (Sitaramaiah and 
Sikora, 1982, 1996). In the present study, a glasshouse experiment was 
designed to find out the individual and concomitant effects of Glomus 
mosseae and Meloidogyne incognita on the growth of tomato plants and 
their population djniamics. 
Materials and methods 
Plant culture 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (30 cm 
diameter) from seeds surface sterilized with 0 .01% mercuric chloride. 
The surface sterilized seeds were sown in pots filled with autoclaved 
sandy loam soil (66% sand, 24% silt, 8% clay and 2% OM, pH 7.7). 
Root-knot nematode culture 
In the study, root-knot nematode, Meloidogyne incognita (Kofoid 
and White) Chitwood was used. Field populations of M. incognita were 
collected from tomato (Lycopersicon esculentum Mill.) and egg plant 
(Solanum melongena L.). Species of root-knot nematode, infecting roots 
of tomato or egg plant in the fields were tentatively identified on the 
basis of the characterstics of perineal pat terns of the females. Roots 
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infected with M. incognita were chopped and added to the pots 
containing sterilized field soil and the tomato plants raised earlier as 
mentioned above (3 weeks old) were transplanted and pots were kept in 
glasshouse at 27oC (± 2oC). Subculturing was done approximately at 
every 3 months by inoculating new tomato seedlings with at least 15 
egg masses, each obtained from a single egg mass culture in order to 
maintain sufficient inoculum for further experimental studies. 
Identification of root-knot nematode 
The identity of the root-knot nematode was confirmed by studying 
the characterstics of perineal patterns of females and conducting North 
Carolina differential host test (Eisenback et al, 1981; Taylor and 
Sasser, 1978; Hartman and Sasser, 1985). Fifteen perineal patterns of 
females of each single egg mass population were prepared and their 
characterstics were examined in order to identify the species (Eisenback 
etal, 1981). 
For North Carolina differential host test (Taylor and Sasser, 1978; 
Hartman and Sasser, 1985) seedlings of tomato cv. Rutgers, tobacco cv. 
NC95, pepper cv. California wonder, peanut cv. Florunner, watermelon 
cv. Charleston grey and cotton cv. Deltapine-61 were grown in clay pots 
(one seedling/pot) having sterilized soil in triplicate. Two additional 
replicates of tomato were included to determine the time of termination 
of the test. After determining the number of second stage juveniles (J2) 
per ml, plants in each pot were inoculated with 5000 J2. Juveniles were 
added to a depression made in the soil at the time of transplanting. 
Inoculated plants were kept in glasshouse at 27-30°C. Sixty days after 
inoculation, roots were harvested and thoroughly washed with tap 
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water and examined for the presence of galls. Roots with very high 
infection were stained with Phloxin B to determine the number of egg 
masses . 
Number of galls and egg masses were counted and GI and EMI 
were rated on 0-5 scale. 
0=0 




5= more than 100 galls or egg masses per root system (Taylor and 
Sasser, 1978). 
After the rating of root system, resul ts were compared with the 
differential host test char t (Table 13). This confirmed the identity of the 
species determined by the perineal pat tern method. 
Preparation of inoculum and inoculation 
Second stage juveniles (J2) of the nematode were used as 
inoculum in the study. Second stage juveniles were obtained by 
incubating egg masses collected from the roots of tomato plants 
maintaining single egg mass culture of M. incognita. Egg masses were 
incubated in coarse sieve fitted with double layered t issue paper and 
placed on Bearman funnel containing water. The sieves were then 
placed in an incubator (Temperature 25°C). After 72 hours , the hatched 
juveniles (J2) were collected in a beaker and number of juveniles per ml 
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Average number of juveniles was then calculated to represent the 
number of juveniles per ml of the suspension. 
For inoculation, the suspension containing J2 was taken in 
micropipette controller and added near the roots of the seedlings. The 
holes were covered with soil after inoculation. Nematode inoculation 
density consisted of uniform quantity of suspension containing either 0, 
250, 500, 1000, 2000, 4000 and 8000 freshly hatched second stage 
juveniles (Jaj/pot. 
Preparation of inoculum of the AM fungus 
Glomus mosseae (Nicol and Gerd) Gerdmann and Trappe, 
inoculum was maintained and multiplied on maize (Zea mays) as in 
section II. 
Inoculation 
For inoculation, inoculum of G. m.osseae for each pot consisted of 
uniform quantity of suspension containing 0, 150, 300, 600, 1200 and 
2400 chlamydospores.The chlamydospores were retrieved from the soil 
using wet sieving and decanting technique (Gerdemann and Nicolson, 
1963) and were placed just 3 cm below the soil surface. 
Six levels of G. mosseae and seven levels of M. incognita were 
used in combination for determining their effect on plant growth and on 
each other (Table 14). The chlamydospore number as given above 
constituted the levels of G. mosseae (designated as GMo; GMi; GM2; 
GM3; GM4 and GM5). Similarly different numbers of freshly hatched 
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(designated as MIo; MIi; MI2; MI3; MI4; MI5 and MIe). The treatments 
were replicated five times, arranged in a completely randomized block 
design and maintained in a glass house at 28-35°C. The plants were 
harvested 60 days after inoculation and all the parameters studied in 
section II were studied alongwith the following additional parameters 
viz., nematode population (both in soil and root), number of galls/root 
system, number of egg masses/root system and number of eggs/egg 
mass (fecundity). 
Data were analyzed statistically using analysis of variance in 
factorial design as mentioned by Dospekhov, (1979) and L.S.D was 
calculated at P=0.05. Details of the ANOVA model are given in appendix 
C,D and E 
Plant growth 
Plant growth parameters and nutrient status parameters were 
studied by the methods mentioned in section II. 
Galls and egg masses 
At the termination of the experiment, roots of harvested plants 
were washed under the tap and examined for the presence of galls. 
Number of galls per root system was counted. Roots were immersed in 
an aqueous solution of phloxin B (0.15 g/lit tap water) for 15 minutes 
to stain the egg masses. Egg masses per root system were then counted 
(Taylor and Sasser, 1978). 
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Fecundity 
Fecundity (no. of eggs / egg mass) was measured by shaking 
vigorously 10 egg masses in 5.25% NaOCl solution. The eggs were 
separated from egg mass and collected over 500 mesh sieve. From the 
sieve, eggs were transferred into a beaker and 0.35% acid fuchsin (in 
25% lactic acid) was added to 20 to 25 ml of suspension boiling for 1 
minute for staining the eggs. After cooling, the eggs were counted and 
eggs per egg mass were calculated to find out the fecundity. 
Nematode population 
For estimating root population of nematodes (J2+J3+J4) mature 
females roots from each replicate were weighed and cut into 1 cm 
length. One grami of root pieces was stained with acid fuchsin and 
lactophenol (Bjo-d et al., 1983). The root pieces were placed between two 
slides, examined under stereoscopic microscope and number of 
J2+J3+J4 counted. Then total number of J2+J3+J4 for the whole root 
system of the replicate was calculated. For counting the number of 
females, 1 g of root pieces were transferred in 5% HNO3 and incubated 
at 25°C. After 72 hours , root pieces were gently teased to release the 
females. The number of females/g of root was counted and total 
number of females for the whole root system was calculated (Hassey 
and Barker, 1973). The means of replicates wore then calculated. The 
eggs were extracted from the roots of each treatment separately by 
using Chlorox (Hussey and Barker, 1973). Roots from each treatment 
were cut into 1-2 cm pieces. One gram of the root pieces were shaken 
vigorously in 200 ml of 1.0% NaOCl solution for 1 to 4 minutes. Then 
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NaOCl solution was passed through a 200 mesh sieve rested over a 500 
mesh sieve to collect free eggs. The sieve containing eggs was placed 
under a stream of cold water to remove residual NaOCl (rinsed for 
several minutes). The rinsed roots were put under water to remove 
additional eggs and were collected by sieving. The number of eggs was 
then counted in counting dish under stereoscopic microscope. The total 
number of eggs was calculated by multiplying the numiber with the 
fresh weight of the root in the treatment. Soil population (J2 + male) of 
the nematode was estimated by modified Cobb's sieving and decanting 
technique (Southey, 1986). 
RESULTS 
Plant length 
Plants were inoculated with different populations of nematode 
(Meloidgoyne incognita) and AM fungus {Glomus mosseae). Inoculation 
of the plants with the AM fungus resulted in significant increase in 
shoot length. With the increase in inoculum of G. mosseae there was 
significant increase in shoot length, except at 2400 spores per plant. 
The shoot length obtained at this level didn't differ significantly from 
that at 1200 spore per plant (Fig.24). 
Addition of nematode inoculum resulted in reduced shoot length 
as compared to control. The reduction observed at the first two 
inoculum levels (250 and 500 juveniles per plant) was statistically 
insignificant. Inoculation with 1000 or more juveniles per plant reduced 
shoot length significantly. Maximum reduction in shoot length (18%) 
was observed in plants inoculated with 8000 juveniles per plant. G. 
mosseae when inoculated together with M. incognita, reducing the 
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adverse effect of nematode on shoot length. When 600 spores of G. 
mosseae were supplied, addition of even 8,000 juveniles per plant failed 
to show adverse effect on shoot length. Further addition of AM fungal 
spores at this nematode level resulted in enhancement of shoot length 
over the control (Table 15). 
As in shoot length, inoculation with 250 or 500 juveniles per 
plant failed to cause significant reduction in root length. Maximum 
reduction (19%) was observed at 8000 juveniles per plant, but this was 
not statistically different from that caused by 4000 juveniles per plant. 
Addition of 150 spores per plant didn't result any significant change in 
root length. However, 300 or more propagules per plant increased root 
length significantly. Maximum increase (29.4%) was observed at 1200 
spores per plant, but this was not significantly different from that 
observed at 2400 spores per plant. Addition of 1200 spores per plant 
compensated the loss caused by inoculation with 8000 juveniles of M. 
incognita (Table 16). 
For overall plant length, the trend was the same as that for shoot 
length. Maximum increase (53.1%) was observed in plants inoculated 
with 2400 spores per plant, while maximum decrease (18.3%) was 
observed in plants inoculated with 8000 juveniles. The loss in plant 
length caused by 8000 juveniles was observed to be compensated by 
addition of 600 G. mosseae spores (Table 17). 
Fresh weight 
Inoculation with 250 or 500 juveniles failed to cause significant 
change in shoot fresh weight. At higher inoculum levels, there was a 
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Table : 15 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
















































































Table : 16 Interaction effect of spore density oi Glomus mosseae and population oi Meloidogyne 










































































L.S.D at 5% G. mosseae = 1.0 M. incognita = 1.1 Interaction =NS 
Table : 17 Interaction efTect of spore density of Glomus mosseae and population oXMeloidogyne 


















L.S.D at 5% G. 









mosseae = 3.1 














































































Spore density per pot 
A = 0 B = 150 C = 300 D = 600 E = 1200 F = 2400 
Nematode inoculum density per pot 
1 = 0 2 = 250 3 = 500 4 = 1000 5 = 2000 6 = 4000 7 = 8000 
Fig. 24 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the shoot, root and plant length 
of tomato 
significant decrease in shoot fresh weight, with 4000 and 8000 juveniles 
of M. incognita per plant being the most destructive (Fig. 25). Addition of 
150 G. mosseae spores failed to alter shoot fresh weight significantly. 
300 or more spores caused significant increase in shoot fresh weight. 
The reduction in shoot fresh weight caused by 8000 juveniles of M. 
incognita was compensated by the addition of 600 propagules of G. 
mosseae. The reduction in shoot fresh weights of plants inoculated with 
4000 or 8000 juveniles per plant were statistically similar and higher 
than others (Table 18). 
Significant increase in root fresh weight was observed with 150 or 
more G. mosseae spores. 250 or 500 juveniles of M. incognita failed to 
cause significant change in root fresh weight. The reduction in root 
fresh weight caused by 8000 juveniles was compensated by the 
application of 600 G. mosseae spores (Table 19). 
Plant fresh weight was not reduced significantlj'^ by 250 or 500 
juveniles per plant. 4000 and 8000 juveniles per plant resulted in 
statistically similar and minimum plant fresh weight. Application of G. 
mosseae spores (at all levels studied) resulted in significantly higher 
plant fresh weight. 1200 and 2400 spores caused maximum increase in 
plant fresh weight (73.3% and 80.6%). 600 spores compensated the loss 
caused by 8000 juveniles per plant, and further increase in AM fungal 
inoculum resulted in more increase in plant fresh weight (Table 20). 
Dry weight 
Shoot dry weight increased significantly in plants inoculated with 
300 or more G. mosseae spores. When 150 spores were supplied, no 
significant increase in shoot dry weight was observed. The shoot dry 
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Table : 18 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 











































































L.S.D at 5% G. mosseae = 1.7 M. incognita = 1.8 Interaction =NS 
Table : 19 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 








































































Table : 20 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 



































L.S.D at 5% G. mosseae =2.3 





































































Spore density per pot 
A = 0 B = 150 C = 300 D = 600 E = 1200 F = 2400 
Nematode inoculum density per pot 
1 = 0 2 = 250 3 = 500 4 = 1000 5 = 2000 6 = 4000 7 = 8000 
Fig. 25 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the shoot, root and plant fresh 
weight of tomato 
weight of plants with 1200 or 2400 spores of G. mosseae was 
statistically similar and highest (80.7% and 81.6%). Addition of 250 
nematode juveniles resulted in non-significant increase in shoot dry 
weight. The shoot dry weights observed in plants inoculated with 2000, 
4000 or 8000 juveniles of M. incognita were statistically similar and 
lower than other t reatments. Presence of G. mosseae resulted an 
increase in the shoot dry weights of nematode inoculated plants . The 
reduction in shoot dry weight caused by 8,000 juveniles of M. incognita 
was compensated by the addition of 600 G. mosseae spores. When more 
G. mosseae spores were added, there was further increase in shoot dry 
weight (Table 21). 
Inoculation with G. mosseae (at all the levels studied) resulted in 
significant increase in root dry weight. Maximum increase (98.7%) was 
shown at inoculum level of 2400 spores per plant, and this was 
significantly higher than that observed at other inoculum levels (Fig. 
26). Inoculation with 250 and 500 juveniles caused non-significant 
reduction in root dry weight. When 1,000 or more juveniles were added, 
significant reduction in root dry weight was observed. Lowest (and 
statistically similar) root dry weights were observed in plants inoculated 
with 4000 or 8000 juveniles per plant (24.7%). 8000 juveniles of M. 
incognita failed to show any adverse effect on root dry weight in the 
presence of 600 G. mosseae spores. Further increase in AM fungal 
inoculum resulted in increased root dry weight (Table 22). 
Inoculation with G. mosseae significantly increased plant dry 
weight. Maximum plant dry weight was recorded in plants inoculated 
with 2400 or 1200 G. mosseae spores (85.9% and 82.6%). Inoculation 
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Table : 21 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the shoot dry weight of tomato plants 
Spore 
Density 
Nematode inoculum density (J2) 















L.S.D at 5% 
5.64±0.47 5.36±1.20 4.71±0.57 4.36±0.54 3.96±0.29 3.81+0.41 
5.98±0.60 5.51±1.00 5.06±0.66 4.87±0.76 4.46±0.46 4.36±0.41 
6.90±0.93 6.73±0.69 6.41 ±0.80 5.60±0.63 
8.03±1.15 8.25±0.90 7.53±1.06 7.33±0.33 
9.02±1.16 9.13±1.08 8.21±1.10 8.48±1.15 
9.16±1.52 9.01±1.00 8.16±1.21 8.39±0.69 




5.15±0.49 4.81±0.49 6.07 
6.91±1.05 7.11±0.87 7.57 
8.60±0.95 8.21± 1.20 8.66 
8.46±1.18 8.48±0.84 8.70 
6.25 6.12 
G. mosseae =0.40 M. incognita =0.44 Interaction NS 
Table : 22 Interaction eftect of spore density of Glomus mosseae and population of Meloidogyne 










































































L.S.D at 5% G. mosseae = G.l4 M. incognita =0.16 Interaction=NS 
Table : 23 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 


















L.S.D at 5% G. 








































































Spore density per pot 
A = 0 B = 150 C = 300 D = 600 E = 1200 F = 2400 
Nematode inoculum density per pot 
1 = 0 2 = 250 3 = 500 4 = 1000 5 = 2000 6 = 4000 7 = 8000 
Fig. 26 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the shoot, root and plant dry 
weight of tomato 
with 250 juveniles of M. incognita resulted in non-significant increase in 
plant dry weight, whereas 500 juveniles per plant resulted in non-
significant decrease in this parameter. 1000 or more juveniles per plant 
resulted in significant reduction in plant dry weight. Lowest (and 
statistically similar) plant dry weights were observed in plants 
inoculated with 2000, 4000 or 8000 juveniles of M. incognita. 600 AM 
fungal spores compensated the reduction in plant dry weight caused by 
8000 juveniles of M. incognita per plant (Table 23). 
Nutrient status 
Inoculation of the tomato plants with G. mosseae (at all the levels 
studied) resulted in significant increase in nitrogen (N) content of the 
plants. Inoculation with 300 G. mosseae spores per plant resulted in 
significantly higher N content than those with 150 spores. Increase in 
G. mosseae inoculum beyond 300 spores per plant failed to cause 
significant increase in N content of the plants. Af. incognita inoculation 
had no significant impact on the N content of tomato plants (Table 24). 
Significant improvement in phosphorus content was observed 
when plants were inoculated with G. mosseae. Maximum increase in 
phosphorus content was observed when plants were inoculated with 
1200 spores of G. mosseae per plant (42.3%). This, however, was 
statistically similar to that observed at 2400 spores per plant. The effect 
of nematode inoculation on the phosphorus content of tomato plants 
(averaged for various levels of G. mosseae inoculations) was found to be 
statistically non-significant (Table 25). 
The potassium content of tomato plants showed significant 
increase when inoculated with G. mosseae. Maximum increase was 
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Table : 24 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 


















Nematode inoculum density (J2) 
250 500 1000 2000 4000 8000 
1.87±0.20 1.74±0.22 1.81±0.18 1.67±0.19 
2.06±0.35 1.93±0.19 1.97±0.19 1.86±0.18 
2.14±0.25 2.0±0.29 2.14±0.24 2.04±0.26 
2.16±0.30 2.19±0.27 2.11±0.33 2.19±0.26 
2.11±0.27 2.16±0.32 2.23±0.28 2.1±0.32 
2.33±0.36 2.24±0.30 2.01±0.31 2.23±0.25 






















L.S.D at 5% G. mosseae = 0.12 M. incognita = NS Interaction=NS 
Table : 25 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the phosphorus content of tomato plants 
Spore 
Density 
Nematode inoculum density (Jj) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0.225iK).002 0.211±0.002 0.231±0.003 0.209±0.002 0.214±0.002 0.201±0.002 
150 0.252±0.003 0.246±0.002 0.244±0.001 0.256±0.002 0.232±0.002 O.235±O.0O3 
300 0.276±0.002 0.269±0.002 0.261 ±0.001 0.242±0.001 0.256±0.0O3 0.246±0.002 
600 0.286±0.004 0.272±0.003 0.272±0.003 0.289±0.002 0.261±0.003 0.258±0.001 
1200 0.314±0.004 0.311±0.003 0.306±0.004 0.304±0.004 0.292±0.002 0.319±0.002 
2400 0.309±0.005 0.298±0.002 0.319±0.004 0.291±0.005 0.309±0.004 0.311±0.004 








L.S.D at 5% G. mosseae = 0.015 M. incognita =NS Interaction=NS 
Table : 26 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 


























L.S.D at 5% G. mosseae = 0.10 




























































Spore density per pot 
A = 0 B = 150 C = 300 D = 600 E = 1200 F = 2400 
Nematode inoculum density per pot 
1 = 0 2 = 250 3 = 500 4 = 1000 5 = 2000 6 = 4000 7 = 8000 
Fig. 27 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the nitrogen, phosphorus and 
potassium content of tomato 
observed at 2400 spores per plant (47.5%), and it was significantly 
higher than all other treatments. Inoculation with upto 1000 juveniles 
of M. incognita didn't result in significant decrease in potassium content 
of tomato plants. 2000 or more juveniles of M. incognita resulted in 
significant decrease in potassium content of tomato plants. Inoculation 
with 600 G. mosseae spores compensated the loss in potssium content 
caused by 8000 juveniles of M. incognita (Table 26). 
Nematode related parameters 
The final population of M. incognita in soil increased significantly 
with the increasing levels of inoculum. Maximum final population in 
soil was observed at 8000 juveniles per plant. This was significantly 
higher than that obtained with all the other inoculum levels. 
Inoculation with the AM fungus G. mosseae didn't alter the nematode 
population significantly (Table 27). 
Increase in initial inoculum level of M. incognita resulted in 
increased final population of the nematode in root. Maximum 
population of M. incognita in roots of tomato plants was observed when 
plants were inoculated with 8000 juveniles per plant. Inoculation with 
G. mosseae significantly reduced the population of M. incognita in root. 
Maximum suppression of M. incognita population in root was observed 
when plants were inoculated with 2400 spores of G. mosseae. This, 
however, was statistically similar to the suppression resulting from the 
inoculation with 1200 spores per plant, indicating that increase in G. 
mosseae inoculum beyond 1200 spores per plant didn't result in 
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Spore density per pot 
A = 0 B = 150 C = 300 D = 600 E = 1200 F = 2400 
Nematode inoculum density per pot 
1=250 2 = 500 3 = 1000 4 = 2000 5 = 4000 6 = 8000 
Fig. 28 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the final nematode population in 
soil and in root and on the number of its egg masses per root 
system 
A significant increase in number of egg masses per root system 
was observed with the increase in inoculum levels of M. incognita. 
Maximum number of egg masses per root system was observed in 
plants inoculated with 8000 juveniles of M. incognita per plant. AM 
fungal inoculation significantly reduced the number of egg masses per 
root system. Lowest value of egg mass number per root system was 
observed in plants inoculated with 2400 spores of G. mosseae. At 
inoculum levels of 600 or above spores of G. mosseae per plant, the 
number of egg masses per root system was uniformly low irrespective of 
the initial inoculum level of M. incognita (Table 29). 
Fecundity ( the number of eggs per egg mass) increased with 
increase in the inoculum of Af. incognita. However, with increase in 
inoculum from 2000 to 4000 juveniles per plant, there was a non-
significant decrease in fecundity. Inoculation with G. mosseae resulted 
in lower values of fecundity. Except for 150 spores per plant inoculum 
level (which reduced the fecundity non-significantly), all other inoculum 
levels resulted in significant reduction in fecundity (Table 30). 
The number of galls per root system increased significantly with 
increase in the inoculum of M. incognita. Maximum number of galls 
were observed in plants inoculated with 8000 juveniles of Af. incognita. 
Inoculation with the AM fungus Glomus mosseae resulted a decrease in 
number of galls per root system. Maximum reduction was observed 
when plants were inoculated with 2400 spores of G. mosseae. However, 
this was statistically similar to the reduction observed at 1200 spores 
per plant (Table 31). 
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Table : 29 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 











































































Table : 30 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 









































































Table : 31 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
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Spore density per pot 
A = 0 B = 150 C = 300 D = 600 E = 1200 F = 2400 
Nematode inoculum density per pot 
1=250 2 = 500 3 = 1000 4 = 2000 5 = 4000 6 = 8000 
Fig. 29 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the fecundity and number of 
galls formed by M. incognita on tomato 
Mycorrhization 
External colonization increased significantly with the increase in 
the inoculum of Glomus mosseae. Maximum external colonization 
percentage was observed when plants were inoculated with 2400 spores 
of G. mosseae. This was significantly higher than that observed at other 
level. Inoculation of mycorrhizal plants with 250 juveniles of M. 
incognita resulted in non-significant increase in external colonization, 
while 500 juveniles per plant decreased external colonization non-
significantiy. Inoculum of 1000 or more juveniles per plant resulted a 
significant reduction in external colonization percentage. Maximum 
reduction in external colonization percentage was observed when 8000 
juveniles of M. incognita were inoculated per plant. In the presence of 
8000 juveniles, 600 spores gave an external colonization percentage 
similar to that given by 150 spores alone (Table 32). 
Internal colonization percentage increased significantiy with the 
increase in G. mosseae inoculum. Maximum internal colonization 
percentage observed at 2400 spores per plant, which was statistically 
similar to that observed at 1200 spores per plant. 250 and 1000 
juveniles of M. incognita per plant increased internal colonization non-
significantly. 2000 or more juveniles caused significant reduction in 
internal colonization (Table 33). 
Percent arbuscules increased significantly with the increase in 
the inoculum of G. mosseae. At 1200 and 2400 spores of G. mosseae 
per plant the percentage of arbuscules was statistically similar and 
maximum. 250 juveniles of M. incognita caused non-significant increase 
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Table : 32 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 










































































L.S.D at 5% G. mosseae = 2.3 M. incognita = 2.8 Interaction=6.2 
Table : 33 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 










































































L.S.D at 5% G. mosseae =2.3 M incognita = 2.3 Interaction =6.1 
Table : 34 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 


















L.S.D at 5% G. 





































































Spore density per pot 
A = 150 B = 300 C = 600 D = 1200 E = 2400 
Nematode inoculum density per pot 
1 = 0 2 = 250 3 = 500 4 = 1000 5 = 2000 6 = 4000 7 = 8000 
Fig. 30 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the internal colonization, 
external colonization and percent arbuscule formation by 
Glomus mosseae in tomato 
in the percentage of arbuscules. 500 or more juveniles caused 
significant reduction in the percentage of arbuscules (Table 34). 
The number of chlamydospores in root was increased significantly 
with the increase in the inoculum level of G. mosseae. The number of 
chlamydospores was highest when 2400 spores of G. mosseae were 
used. M. incognita application, at 500 or more juveniles per plant, 
resulted in significant decrease in the number of chlamydospres in root. 
The reduction in this parameter was maximum when 8000 juveniles of 
M. incognita were applied (Table 35). 
Increase in G. mosseae inoculum from 150 to 300 spores per 
plant didn't result in significant increase in number of chlamydospores 
in soil. Maximum number of chlamydospores in soil was observed when 
plants were inoculated with 2,400 spores of G. mosseae, and it was 
significantly higher than that observed at any other level. Nematode 
inoculation resulted in lower number of chlamydospores in soil. In the 
presence of 8000 juveniles of M. incognita, even 2400 spores of G. 
mosseae failed to give as many chlamydopsores in soil as were given by 
150 G. mosseae spores in the absence of M. incognita (Table 36). 
Discussion 
Usefulness of AM fungi for plant growth has been reported time 
and again by many workers (Hasan et al, 2003; Jothi and 
Sundarababu, 2000, 2002). In the present study AM fungus. Glomus 
mosseae was found to be beneficial for the growth and development of 
tomato var. Pusa Ruby. G. mosseae resulted an increase in length, fresh 
weight in the plant. The increase in these growth parameters was higher 
in plants inoculated with higher inoculum levels of G. mosseae. 
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Table : 35 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 










































































L.S.D at 5% G. mosseae = 1 . 0 M. incognita = 1 . 2 Interaction=NS 
Table : 36 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 



















































































































Spore density per pot 
A = 150 B = 300 C = 600 D = 1200 E = 2400 
Nematode inoculum density per pot 
1 = 0 2 = 250 3 = 500 4 = 1000 5 = 2000 6 = 4000 7 = 8000 
Fig. 31 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the number of chlamydospores 
in root and in soil formed by Glomus mosseae in tomato 
However, increase in inoculum level from 1200 to 2400 spores didn't 
result in corresponding increase in the value of many of the growth 
parameters studied. There are several reports of positive effect of G. 
mosseae inoculation (Hasan et al, 2003; Jothi and Sundarababu, 
2000). 
The improvement in plant growth characterstics in mycorrhizal 
plants compared to control indicates the existance of complex but 
beneficial physiological and biochemical relationship between G. 
mosseae and tomato. AM fungi have been reported to alter the 
physiology of roots of their hosts (Graham, et al, 1981) causing changes 
in phytohormone levels (Allen, et al, 1980) and photosynthetic rate 
(Allen etal., 1981). 
The increase in N, P and K contents of tomato plants due to G. 
mosseae inoculation indicates that the native isolates of AM fungi 
improve the absorption of nutrient by host plants. This supports earlier 
findings that mycorrhizal infection can cause a beneficial physiological 
effect on host plants by increasing uptake of soil phosphorus 
(Gerdemann, 1968, 1975) and also help in the transport of P in cowpea 
(Manjunath and Bagyaraj, 1984). Improved nutrient status in the 
mycorrhizal plants resulted in increased biomass production and 
growth potential. Better growth of cotton plants with Gigaspora 
calospora and G. margarita has been reported earlier by Roncadori and 
Hussey (1977). Similar results have been obtained for sorghum, upland 
rice and other crops (Singh and Tilak, 1990). The tomato plants treated 
with G. m.osseae exhibiting well developed mycorrhizal colonization 
support the view that increased absorptive surface area contributed by 
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the soil mycelium allows phosphorus uptake from a much greater soil 
volume (Tinker, 1975; Rhodes and Gerdemann, 1978) and the host 
growth is frequently enhanced particularly in P deficient soils (Mosse, 
1973) together with enhanced uptake of other elements like Zn, S, Mn, 
Ca, etc (Mosse, 1981).Mycorrhizal infection has been shown to effect 
rhizosphere populations (Ames et ai, 1984; Mayer and Lindermann, 
1986). Furthermore, rhizosphere organisms have been shown to effect 
plant growth through hormone production and changes in nutrient 
availability (Bowen and Rovira, 1976; Rovira, 1957; Tinker, 1984). 
Several reports have shown that a host plant previously 
inoculated with an AM fungal symbiont exhibits incresed resistance to 
several root diseases (Zak, 1964; Marx, 1973). The potential role of 
mycorrhizal fungi as biocontrol agents for nematode infection has 
received considerable attention (Saleh and Sikora, 1984; Oliveira and 
Zambolin, 1986). Generaly, the severity of nematode disease is reduced 
in mycorrhizal plants (Saleh and Sikora, 1984; Cooper and Grandison, 
1986). In the present study the harmful effect of Af. incognita on tomato 
plants was reduced considerably by the presence of G. mosseae. The 
reduction in the severity of the disease was greatest when higher 
inoculum levels of G. mosseae was applied. In several studies, AM fungi 
have exhibited antagonistic influence on the population of plant 
parasitic nematodes (Grandison and Cooper, 1986; Kellam and 
Schenck, 1980; Hussey and Rancodori, 1978). Present study indicated 
that the presence of G. mosseae resulted in decreased population of M. 
incognita. The establishment of arbuscular mycorrhiza in plants usually 
confers resistance to nematode parasitism (Smith et at, 1986; Hussey 
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and Roncadori, 1978). Such findings conform the present study where 
length, fresh weight, dry weight a s well as nutrient s ta tus of nematode 
infected plants was improved by the presence of G. mosseae. Obviously, 
there was a reduction in the severity of the disease in the presence of G. 
mosseae. Other workers have also shown that nematode susceptible 
plants colonized by endomycorrhizal fungi are better able to tolerate 
plant pathogenic nematodes by showing better growth (Fox and Spasoff, 
1972; Sitaramaiah and Sikora, 1981; Palacino and Leguizama, 1991; 
Sikora and Sitaramaiah, 1995; Jothi and Sundarababu, 2000; Hasan et 
al, 2003). In the present study low number of nematodes in root, eggs 
and egg masses and galls per root system were observed in p lants 
treated with G. mosseae. AM fungal colonized roots have been found to 
be less penetrated by the nematode and have also proved to be 
unfavourable sites for gall formation. Sikora (1978) found tha t G. 
mosseae alters the attractiveness of the root system to M. incognita 
larvae. Decreased larval penetration, retarded nematode development in 
mycorrhizal roots, and the adverse effect of AM fungi on nematode 
reproduction was also observed by (Sitaramaiah and Sikora, 1981; Mac 
Guidwin et al, 1985; Osman et al, 1990; Ahmed and Al Sayed, 1991; 
Shankaranarayanan and Sundarababu, 1994). 
Application of M. incognita decreased the mycorrhizal infection 
and sporulation of G. mosseae, though the mycorrhization increses with 
the increase in G. mosseae inoculum levels. High populations of either 
of these organisms resulted in low populations of the other. Bird et al 
(1974), Rich and Bird (1974), Schenck and Rinloch (1974) and 
Lindermann (1985) also obtained similar results in the field 
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observations relating the incidence of mycorrhizal fungi to the incidence 
of endoparasitic nematodes. Nematode influence mycorrhizal 
colonization of G. fasciculatum on cowpea (Lingaraju and Goswami, 
1993). Similar results were also obtained by Atilano et al. (1981). 
Summary 
Interaction between G. mosseae and M. incognita was studied at 
multiple inoculum levels. Presence of G. mosseae resulted in increased 
values of growth parameters and nutrient content both in the presence 
as well as absence of Af. incognita. The increase in the values were 
higher when higher inoculum levels of G. mosseae inoculum were used. 
The mycorrhization parameters increased with increasing level of G. 
mosseae. 
Presence of Af. incognita had an adverse impact on the growth and 
development of tomato plants both in the presence as well absence of G. 
mosseae. Consequentiy, M. incognita infected plants had lower values of 
growth parameters and nutrient content. The decrease in these values 
was greater when higher inoculum levels of M. incognita were used. 
Internal and external colonization by the AM fungus, the percentage of 
arbuscules and the number of chlamydospores in soil and in root were 
adversely effected by the nematode. When higher inoculum levels of the 
nematode were used there was a corresponding increase in the values 
of nematode infection and multiplication parameters. 
In general, there was increase in the value of growth parameters 
and nutrient status and decrease in the infection and multiplication of 
M. incognita with the corresponding increase in the level of G. mosseae 
inoculum. But most of the parameters studied there was no significant 
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difference in the values obtained at 1200 and 2400 spores per plant. 
This implies that 1200 spores of G. mosseae per plant is the appropriate 
inoculum level for growth and development of tomato var. Pusa Ruby as 
well as for the suppression of root-knot disease caused by M. incognita 
under glasshouse conditions. 
The severity of the root-knot disease (as reflected by its adverse 
impact on the growth and development of tomato and on the infection 
and development of G. mosseae) increased with the increase in the 
inoculum of M. incognita. But no significant difference was observed 
between inoculum levels of 4000 and 8000 juveniles per plant. 
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SECTION - IV 
SECTION IV 
Effect of N, P and K fertilizers and Pseudomonas fluorescens on 
the development of root-knot nematode, Meloidogyne incognita on 
tomato 
Introduction 
Root-knot nematode, Meloidogyne incoginta is one of the most 
important pathogens of tomato. The destructive nature of this nematode 
in tomato has been reported by many workers (Babu and Suguna, 
2000, 1998; Talavera et al, 2001; Rao et al, 2000). The average loss for 
tomato due to root-knot nematode on a worldwide basis has been 
estimated to be 20.6 per cent (Sasser, 1989). In India, the loss inflicted 
by this nematode on the yield of tomato is 39-46 per cent (Bhatti and 
Jain, 1977; Reddy, 1985). An inoculum level of 2000 juveniles per plant 
in artificial conditions may reduce total yield by around 17 per cent and 
market value by around 9 per cent (Khan and Khan, 1996). 
In view of the wide host-range of root-knot nematodes and 
enormity of yield losses inflicted to agricultuarlly important crops, a 
number of control measures have been devised and used to manage 
this important parasite of vegetables. Some bacteria have shown their 
ability to antagonize plant parasitic nematodes (Stirling, 1991). Some of 
these, like Pseudomonas fluorescens contribute to suppression of 
nematode population by producing toxic metabolites and/or soluble soil 
nutrients (Brown and Kerry, 1987). According to Leisinger and Margraff 
(1979) fluorescent pseudomonads produce number of secondary 
metabolites that possess anti-microbial activity. 
Suppression of Meloidogyne incognita by P. Jluorescens has been 
reported by many workers (Siddiqui et al, 2003; Siddiqui and 
Mahmood, 2003; Siddiqui and Showket, 2003 and Siddiqui et al, 
2001). Shanthi et al. (1998) reported that application of P. fluorescens 
reduces the severity of root-knot infection in grapevine. Hanna et al. 
(1999) reported that P. fluorescens increased the mortality levels of 
juveniles and adults of M. incognita. 
Crop nutrition has been known to effect the root-knot disease on 
a variety of crops (Oteifa, 1953 and Heinmann, 1972). Nitrogen has 
been shown to increase the numbers of several plant pests including 
nematodes (Tondon, 1973). Ross (1959) on the other hand reported that 
nitrogenous fertilizers reduce the population of nematodes. Similarly, 
Upadhayay (1969) reported urea as the most effective one in reducing 
the number of nematodes among the fertilizers tested. Fertilizers have 
been reported to increase the tolerance of M. incognita infected plants 
(Balogun and Babatola, 1990). In some studies, nematode infestation 
was found to be minimum in plants supplied with a combination of all 
three fertilizers (Sharma and Khan, 1995). It has been reported that 
manipulation of fertilizer may influence nematode development and 
reproduction (Alchtar et al, 1998). There is not much information 
regarding the role of inorganic fertilizers (N, P and K) on the interaction 
between M. incognita and P. fluorescens. Siddiqui et al (2001) reported 
that P. fluorescens was more effective in promoting plant growth and 
suppressing nematode multiplication when used alongwith N, P and K 
fertilizers. In the present study, an effort has been made to understand 
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the role of N, P and K fertilizers on the interaction of M. incongita and P. 
fluorescens. 
Materials and methods 
The experiment was conducted under glasshouse conditions. The 
root - knot nematode Meloidogyne incognita (Kofoid and white) 
Chitwood was the test pathogen. Pseudomonas fluorescens and 
inorganic fertilizers (urea, single super phosphate and muriate of 
potash) were applied alone and in combination to tomato (var. Pusa 
Ruby). For the determination of effective dose of fertilizer, a preliminary 
investigation was carried out using different levels of N, P and K 
fertilizers (Table 37). 
Plant culture 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (30 cm 
diameter) from seeds surface sterilized with 0.01% mercuric chloride. 
The Surface sterilized seed were sown in pots filled with autoclaved 
sandy loam soil (66% sand and, 24% silt, 8% clay and 2% OM , pH 7.7.) 
Preparation of nematode inoculum 
Large number of Af. incognita egg masses were hand picked, using 
sterilized forceps, from heavily infected brinjal roots on which a pure 
culture of the nematode was maintained. These egg masses were 
washed in distilled water and then placed in 10 cm diameter 15 mesh 
coarse sieves containing crossed. layers of tissue paper and placed in 
petriplates containing water just deep enough to contact the egg 
masses. The hatched juveniles were collected from the petriplates every 
24 hours iand fresh water was added to the petriplates. The 
concentration of second stage juveniles of M. incognita in the water 
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Amount of fertilizers (mg / pot of 1 kg soil) supplied in the experiments 
To Li T2 T3 
Experiment IV-1 N - 0 
Experiment IV-2 P - 0 

























































Amount of N, P and K applied respectively are 300,125 and 200 mg/ pot 
PF — Pseudomonas Jluorescens (2 ml / pot) 
Ml -Meloidogyne incognita (2000 Jj / pot) 
suspension was adjusted so tJiat each millimliter contained 200 ± 5 
nematodes. Ten ml of this suspension cotaining 2000 freshly hatched 
juveniles were added to each pot. 
Pseudomonas fluorescens inoculum 
Pure culture of Pseudomonas fluorescens (Threvesan) Migula was 
procured from Institute of Microbial Technology (IMTECH), Chandigarh. 
Subculturing of the bacterium was done on nutrient broth. The broths 
were incubated in a BOD incubator at 37.80C for 2-3 days (Ricker and 
Ricker, 1936). Thereafter, streaking with pure culture of P. fluorescens 
was done on FNA (Fluorescein denitrification agar) in petriplates. The 
bacteria were scrapped from the plates and cell suspension prepared 
(Cappucinno and Sherman, 1980). Each ml of the suspension contained 
108 bacterial cells. 10 ml suspension was poured around each seedling 
for inoculation. 
Experiment IV A 
A preliminary investigation was done to determine the effective 
dose of N, P and K fertilizers. This was carried out seperately for the 
each fertilizer. The effectiveness of the fertilizers was studied in terms of 
its effect on plant length, fresh weight, dry weight and nutrient content. 
The effect on infection and multiplication of M. incognita was also 
studied. The following three experiments were conducted for this 
purpose. 
1. A pot trial was conducted in completely randomized block design 
to study the effect of Pseudomonas fluorescens, root knot 
nematode, M. incognita, and four nitrogen levels on tomato in 
relation to plant growth, root-knot disease and mycorrhization. 
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The soil was mixed for 15 minutes witJi N as urea (NH2 CO NH2) 
that had been ground to pass a 250 jim sieve. Added N levels 
were 0, 300, 600 and 1200 mg N/Kg soil. At each level of 
nitrogen, P. fluorescens and M. incognita were added to the pots to 
give the treatments mentioned in the inoculation schedule (Table 
37). 
2. This experiment was conducted to determine the most effective 
dose of P fertilizer. Different levels of P fertilizer were used 
alongwith P. fluorescens and/or M. incognita. Single super 
phosphate (SSP) was added at rates equivalent to 0, 125, 250 and 
500 mg P/Kg soil. Growth of inoculated plants without added P 
was compared with plants grown in soil with applied P levels. Soil 
and inocula were prepared as above and the treatment schedule 
is given in Table 37. 
3. In this experiment, potassium as muriate of potash (KCl) was 
added to the soil (1 Kg/pot) prior to seedling transplantation at 
the levels of 0, 200, 400 and 800 mg/Kg soil. The procedure was 
the same as already described above. The inoculation schedule is 
given in Table 37. 
Experiment IV B 
The dose of each fertilizer giving optimum response in the 
presence of P. fluorescens and M. incognita in the preliminary 
investigation was used singly as well as in all possible combinations 
with P. fluorescens and M. incognita on tomato grown in sterilized sandy 
soil. The selected fertilizer doses were Ni = 300 N/Kg soil; Pi = 125 mg 
P/Kg soil and Ki = 150 mg K/Kg soil. Before transplanting the 
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seedlings, the pot soil was thoroughly mixed with fertilizers as per the 
applied levels viz., 1. Control (NoPoKo), 2. Nitrogen alone (NiPoKo), 3. 
Phosphorus alone (NoPiKo), 4. Potassium alone (NoPoKi), 5. Nitrogen 
+Phosphorus (NiPiKo), 6. Nitrogen + Potassium (NiPoKi), 7. Phosphorus 
+ Potassium (NoPiKi) and 8. Nitrogen + Phosphorus + potassium 
(NiPiKi). Soil inoculum was prepared as described above and 
inoculation schedule is given in Table 38. The treatments were 
replicated five times and arranged in a completely randomised block 
design. The plants were maintained in a glasshouse bench with the 
temperature ranging ft-om 28-35°C. The plants were harvested at 60 
days after inoculation and all the parameters studied in section III were 
studied in this section also. Data from all the experiments were 
analysed by analysis of variance in factorial design as mentioned by 
Dospekhov (1979) and L.S.D. was calculated at P = 0.05 as given in 
ANOVA models in the appendix F to I 
Results 
Experiment IV A 
Nitrogen application 
The effect of applied nitrogen on the plant length in plants treated 
with a combination of P. fluorescens + M. incognita, did not generally 
differ from that of the control, although plants inoculated with P. 
fluorescens did support significantly better growth than the control. 
Significant reduction in the plant length was recorded in plants infected 
with M. incognita. The interaction effect was found to be significant and 
the plant length in the soil amended with 300 mg N/Kg soil proved to be 
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Table 39: Effect of added N levels on plant length of P.fluorescens and M. 
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Table 40: Effect of added N levels on plant fresh weight of P.fluorescens and 







































L.S.D at 5% Inoculation=3.4 N levels =3.4 Interaction =6.8 
Table 41: Effect of added N levels on plant dry weight of P.fluorescens and M. 












































similar to that of the control. However, there was significant increase in 
plant length at the other nitrogen levels compared to control (Table 39). 
Application of 300 mg N/Kg soil significantly increased the plant 
fresh weight compared to control. No significant difference in plant fresh 
weight could be observed in plants supplied with 600 and 1200 mg 
N/Kg soil level conipared to 300 mg N/Kg soil level. M. incognita 
significantly suppressed the plant fresh weight. In contrast, P. 
fluorescens significantly increased the plant fresh weight irrespective of 
the presence or absence of M. incognita to that of the control. The 
interaction effect was found to be significant and it was found that 
nitrogen requirement in uninoculated plant was 600 mg N/Kg soil, 
whereas with P. fluorescens and in combination of P. fluorescens + M. 
incognita treatments, 300 mg N/Kg soil was sufficient to support a 
significant increse in plant fresh weight over that of the control (Table 
40). 
The dry weight of the plants dropped in the absence of nitrogen 
application. At all levels of N studied, the dry weight showed almost 
similar values, without any significant variation. Increased plant dry 
weight was observed in plants treated with P. fluorescens, irrespective of 
the presence or absence of M. incognita compared to control. M. 
incognita showed negative effect and reduced shoot significantly 
compared to the control. In combined treatment, increased plant dry 
weight was observed. Application of P. fluorescens reduced the N 
requirement to 300 mg N/Kg soil compared to the 600 mg N/Kg soil 
required in control (Table 41). 
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Table 42: Effect of added N levels on nitrogen content of P.fluorescens and M. 
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Table 43: Effect of added N levels on phosphorus content of P.fluorescens and 







































L.S.D at 5% Inoculation=0.03 N levels = 0.03 Interaction =NS 
Table 44: Effect of added N levels on potassium of P.fluorescens and M. 












































Table45: Interaction effect of nitrogen, P fluorescens and M. incognita on 











































Table 46: Interaction effect of nitrogen, P fluorescens and M. incognita on 
the nematode population per gram root 
Inoculation 
treatments 







































Table47: Interaction effect of nitrogen, Pfluorescens and M. incognita on 













































Table 48: Interaction effect of nitrogen, P fluorescens and M. incognita onthe 







































L.S.D at 5% Inoculation= 13 N levels =NS Interaction =NS 
Table49: Interaction effect of nitrogen, P fluorescens and M. incognita on the 












































The nitrogen content of plants increased as soil N levels increased 
from 0 to 1200 mg N/Kg soil. The N contents of the plants increased 
marginally when soil was amended with 300 mg N/Kg soil compared to 
control. The N content exhibited significant variation when plants were 
supplemented with N levels above 300 mg N/Kg soil and increased with 
the increase in N levels (Table 42). 
There was a significant increase in P and K contents under 1200 
mg N/Kg soil treatment in comparision to control. In soil amended with 
300, 600 and 1200 mg N/Kg soil, the P and K contents of the plants 
proved to be marginally and not significantly altered. There was no 
difference in N content between different treatments, but P and K 
contents in plants inoculated with M. incognita were significantly 
reduced compared to P. fluorescens inoculated plants. The interactive 
effect of nitrogen, nematode and P. fluorescens proved to be non-
significant (Tables 43-44). 
In soil not amended with N, P. fluorescens significantly 
suppressed the soil and root populations of M. incognita. Egg mass 
production, fecundity and root galling also declined. In the soil 
amended with 600 and 1200 mg N/Kg soil, there were significantly 
lower root population, number of galls per root system and eggs per egg 
mass compared to control (Tables 45-49). 
Phosphorus application 
The length of tomato plants showed a significant increase due to 
phosphorus application upto 125 mg/pot. Further increase in P level 
did not enhance plant length. Plants inoculated with P. fluorescens 
resulted a significant increase in plant length compared to the 
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Table 50: Effect of added P levels on plant length of P. fluorescens and M. 
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Table 51: Effect of added P levels on plant fresh weight of P. fluorescens and 






























P levels =3.3 













Table 52: Effect of added P levels on plant dry weight of P. fluorescens and M. 








































L.S.D at 5% Inoculation=0.65 P levels =0.65 Interaction =1.30 
uninoculated control. M. incognita on the other hand, significantly 
suppressed the plant length. At the zero level of P, combined effect of P. 
fluorescens and M. incognita did not differ from the control. The 
interaction was significant in general and the maximum plant length 
was recorded at a lower level of P when plants were inoculated with P. 
fluorescsens (Table 50). 
The fresh weight of tomato plants was improved significantly by 
125 mg P/Kg soil over the control. Further increse in P level did not 
improve the fresh weight of of plants. There was a significant reduction 
in shoot fresh weight caused by M. incognita, while inoculation of P. 
fluorescens significantly increased the suppressive action of M. incognita 
under simultaneous inoculation at all levels of P. The interaction effect 
was found to be significant (Table 51). 
The soil amended with 500 P/Kg soil produced the maximum 
incease in dry weight, proved to be highly significant compared to 
control. However, its value proved to be non-significant at 250 mg P/Kg 
soil level. The plant dry weight promoted by P. fluorescens alone as well 
as hy the combination of P. fluorescens + M. incognita did not differ to 
any significant level but was significantly superior to control. All the 
treatments proved to be significantly superior to that of M. incognita 
(Table 52). 
Out of the three elements studied (N, P and K), only the P content 
in plants increased due to P application (Table 53-55). Increase in the P 
content of the plants was significant and proportionate with the 
increasing amount of P treatment. All the three nutrient contents (N, P 
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53: Effect of added P levels on nitrogen content of P. fluorescens and M. 











































Table 54: Effect of added P levels on phosphorus content of P. fluorescens 






































L.S.D at 5% Inoculation=0.02 P levels =0.02 Interaction =NS 
Table 55: Effect of added P levels on potassium content of P. fluorescens and 













































Table 56: Interaction effect of phosphorus, P. fluorescens and M. incognita on 












































Table 57: Interaction effect of phoshorus, P. fluorescens and M. incognita on 












































Table 58: Interaction effect of phosphorus, P. fluorescens and M. incognita on 
the number of egg masses per root system 
Inoculation 
treatments 



































Table 59: Interaction effect of phosphorus, P. fluorescens and M. incognita on 











































Table 60: Interaction effect of phosphorus, P. fluorescens and M. incognita on 












































and K) were significantly higher in plants inoculated with P. fluorescens 
than to those inoculated with M. incognita. 
Amendment of soil with different P levels had no effect on the 
nematode population in soil and root and on the number of egg masses 
per root system in plants inoculated with M. incognita and it was found 
that 0, 125 and 250 mg P/Kg soil levels showed almost similar number 
of eggs per egg mass (Tables 50-60). Plants supplied with 500 mg P/Kg 
soil level exhibited significantly greater number of eggs per egg mass 
compared to those amended with 250 mg P/Kg soil. Number of galls per 
root system was reduced by P application. Inoculation of P. fluorescens 
alongwith M. incognita reduced the nematode population in both soil 
and root, number of egg masses and galls per root system and fecundity 
compared to those inoculated only with M. incognita. 
Potassium application 
Plant length was increased by application of 200 mg K/pot and 
further increase in K level had no effect on total length of the plants. M. 
incognita significantly reduced the plant length while P. fluorescens 
improved the same significantly. The suppressive effect of M. incognita 
was neutralized by P. fluorescens. (Table 61). Application of different K 
levels increased plant fresh weight significantly compared to control. 
Among different inoculation treatments, both P. fluorescens alone and P. 
fluorescens and M. incognita in combination supported an equal amount 
of plant fresh weight which in turn proved to be better than control 
(Table 62). 
The requirement of potassium to promote the dry weight of plants 
significantly was found to be 200 mg K/pot. Further increase in 
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Table 61: Effect of added K levels on plant length of P. fluorescens and M. 































K levels = 2 













Table 62: Effect of added K levels on plant fresh weight of P. fluorescens and 







































L.S.D at 5% Inoculation=2.3 K levels =2 Interaction =4.6 
Table 63: Effect of added K levels on plant dry weight of P. fluorescens and M. 







































L.S.D at 5% Inoculation=0.51 K levels = 0.5 Interaction =1.02 
potassium did not improve the dry weight significantly. Plants treated 
with P. fluorescens produced the highest dry weight, which proved 
superior to the control and at par with P. fluorescens and M. incognita 
combined inoculations. M. incognita reduced the plant dry weight 
significantly (Table 63). 
Application of K did not significantly affect the P content of the 
plants although K content showed an increase. Application of 200 mg 
K/pot improved the K content significantly compared to control and it 
was significantly low compared to 400 and 800 mg K/pot levels. The 
application of P. fluorescens alone or in combination with M. incogntia 
increased the P content of the treated plants significantly, compared to 
control (Table 64-66). 
The nematode population was not affected to any significant 
extent by the different levels of K (Table 67-71). Root and soil 
populations, number of egg masses, galls and fecundity were reduced 
significantly when both M. incognita and P. fluorescens were inoculated 
together as compared to the plants which were inoculated with M. 
incognita alone. P. fluorescens did not show any impact significantly on 
the number of nematode/g root and number of galls/root system. 
Experiment IV B 
Growth Parameters 
Addition of nitrogen, phosphorus and potassium fertilizers, alone 
and in different combinations, resulted a significant increase in shoot 
length. Maximum shoot length was obtained when all the three 
fertilizers were used together. This was statistically similar to that 
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Table 64: Effect of added K levels on nitrogen content of P. fluorescens and 
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K levels =NS 













Table 65: Effect of added K levels on phosphorus content of P. fluorescens 







































L.S.D at 5% Inoculation=NS K levels =0.03 Interaction =NS 
Table 66: Effect of added K levels on potassium content of P. fluorescens and 































K levels =0.12 













Table67: Interaction effect of potassium, P. fluorescens and M. incognita on 













































Table 68: Interaction effect of potassium, P. fluorescens and M. incognita 












































Table69: Interaction effect of potassium, P. fluorescens and M. incognita on 











































Table70: Interaction effect of potassium, P. fluorescens and M. incognita on 






































L.S.D at 5% Inoculation=8 K leveU =NS Interaction =NS 
Table71: Interaction eflect of potassium, P. fluorescens and M. incognita on 











































obtained in plants treated with NP, NK and PK combinations. N, P and 
K fertilizers used alone gave statistically similar shoot length. 
Inoculation with Pseudomonas fluorescens resulted in significant 
increase in shoot length. When inoculated with M. incognita, there was 
a significant reduction in shoot length. When P. fluorescens and M. 
incognita were inoculated together, the shoot length was significantly 
higher than uninoculated control. Inoculation of P. fluorescens along 
with fertilizers gave significantly higher shoot length as compared to 
plant inoculated with P. fluorescens alone. Maximum increase was 
observed when plants were inoculated with P. fluorescens and treated 
with NPK fertilizers. Application of different combinations of fertilizers 
were more effective in promoting shoot length in the presence of P. 
fluorescens as compared to plants received individual dose of fertilizer 
(Table 72). 
All the fertilizer treatments except N, resulted higher root length 
as compared to the untreated control. Combinations of fertilizers 
incx'eased root length more than did by individual application. 
Maximum increase was observed when all the three fertilizers were used 
together. This was statistically similar to that observed in plants treated 
in combinations with NK and PK fertilizers (Table 73). 
As in case of shoot length, P. fluorescens inoculation significantly 
increased root length, while M. incognita inoculation decreased shoot 
length significantly. Inoculation with both the organisms resulted in 
higher shoot length than in uninoculated control. The plants inoculated 
with P .fluorescens and treated with fertilizers gave significantly higher 
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5 ? 0 
Legend 
Fertilizer treatments 
1 = 0 2 = N 3 = P 4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
Inoculation treatments 
A = 0 B = Pseudomonas fluorescens C = Meloidogyne incognita 
D = P. fluorescens and M. incognita 
Fig. 32 Effect of Pseudomonas fluorescens and N, P and K fertilizers on the 
shoot, root and plant length of tomato in the presence as well as absence 
of M. incognita 
The plant showed maximum increase in root length when P. fluorescens 
was inoculated with PK fertilizers. 
Plant length was significantly increased in fertilizer treated 
plants. Combinations of fertilizers increased plant length more than 
individual treatments. Maxmium plant length was observed in plants 
treated in combination with all the three fertilizers (NPK) together (Table 
74). 
As in shoot and root length, nematode inoculation significantly 
decreased the total plant length, whereas P. fluorescens inoculation 
increased plant length significantly both in the presence as well as in 
the absence of M. incognita. P. fluorescens in combination with fertilizers 
significantly increased plant length as compared to P. fluorescens alone. 
Maximum plant length was observed when P. fluorescens was given in 
combination with NPK fertilizers and was statistically similar to PK 
combination. 
Significant increase was observed in shoot fresh weight when 
plants were treated individually with N, P and K fertilizers, or in 
different combinations. Treatment with PK fertilizer resulted the highest 
shoot fresh weight. This was statistically similar to that observed in NP, 
NK and NPK combinations. Effect of P. fluorescens along with fertilizers 
significantly increase shoot fresh weight as compared to P. fluorescens 
alone. Maximum shoot fresh weight was observed when P. fluorescens 
was treated along with NPK combination (Table 75). 
The individual effect of P. fluorescens and M. incognita inoculation 
on root fresh weight was the same as observed in shoot fresh weight. P. 





























































































































































































































































































































































































presence as well as absence of Af. incognita. M. incognita inoculated 
plants alone caused significant reduction in root fresh weight. P. 
fluorescens along with fertilizer significantly increase root fresh weight 
as compared to inoculation with P. fluorescens alone. Maximum root 
fresh weight was observed when P. fluorescens was treated along with 
NP combination (Table 76). 
Treatment with fertilizers resulted in significantly higher plant 
fresh weight compared to control. Maximum increase in plant fresh 
weight was observed in plants treated with PK combination. This was 
statistically similar to that observed with NP, NK and NPK treatments. 
M. incognita inoculation caused significant decrease in plant fresh 
weight. P. fluorescens inoculation caused significant increase in plant 
fresh weight both in the absence as well as presence of M. incongita. 
Highest plant fresh weight was observed in P. fluorescens inoculated 
plants treated with NPK fertilizers, while lowest plant fresh weight was 
observed in plants inoculated with M. incognita (Table 77). 
Significant increase was recorded in shoot as well as whole plant 
dry weight when treated individually with N, P and K fertilizers, or in 
different combinations. Highest shoot and plant dry weights were 
observed when plants were treated with a combination of all three 
fertilizers. Root dry weight was increased non-significantly by N and P 
treatments, and significantly by K and other fertilizer (combination) 
treatments. Root dry weight too was increased maximally when all three 
fertilizers were used together. 
Shoot, root as well as whole plant dry weights were increased 














































































































































































































































































































































1 = 0 2 = N 3 = P 4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
inoculation treatments 
A = 0 B = Pseudomonas fluorescens C = Meloidogyne incognita 
D = P. fluorescens and M. incognita 
Fig. 33 Effect of Pseudomonas fiuorescens and N, P and K fertilizers on the 
shoot, root and plant fresh weight of tomato in the presence as well as 
absence of M. incognita 
presence and absence of M. incognita. The nematode inoculated alone 
decreased shoot, root and whole plant dry weight significantly. 
Significant increase was observed in shoot as well as plant dry weight 
when plants were inoculated with P. fluorescens and treated with 
fertilizers as compared to plaxits inoculated with P. fluorescens alone. 
Maximum shoot and plant dry weight was observed when plants were 
inoculated in combination with P. fluorescens along with NPK 
fertilizers(Tables 78-80). 
Nutrient Status 
Significant improvement in nitrogen (N) content was observed 
when nitrogenous fertilizer was applied alone or in combination. P, K 
and PK treatments didn't alter N content significantly. M. incognita 
inoculation significantly reduced the N content in plants, but in the 
presence of P. fluorescens, M. incognita failed to alter the N content 
significantly. P. fluorescens inoculation alone had no significant impact 
on N content of the plants. The plants inoculated with P. fluorescens 
along with fertilizers resulted significantly higher N content as 
compared to inoculation with P. fluorescens alone . The plants treated 
with P, K, and PK did not show any significant increase in N content 
irrespective of presence or absence of P. fluoresence{Tah\e 81). 
Phosphorus (P) content was not improved significantly when P, N 
or K fertilizers were given singly, or when NK combination was used. 
NP, PK and NPK combinations resulted in significant increase in P 
content. Maximum increase was observed when PK combination was 
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Legend 
Fertilizer treatments 
1 =0 2 = N 3 = P 4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
Inoculation treatments 
A = 0 B = Pseudomonas ftuorescens C = Meloidogyne incognita 
D = P. fiuorescens and M. incognita 
Fig. 34 Effect of Pseudomonas fiuorescens and N, P and K fertilizers on the 
shoot, root and plant dry weight of tomato in the presence as well as 
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Af. incognita inoculation didn't alter P content significantly. P. 
fluorescens inoculation increased P content significantly both in the 
presence as well as absence of Af. incognita. Highest P content was 
observed in P. fluorescens inoculated plants supplied with PK fertilizer 
combination. The plants inoculated with P. fluorescens and treated with 
fertilizers resulted in significant higher P content as compared to 
inoculation with P. fluorescens alone . The plants treated with N, K and 
NK treatments did not show any significant increase in P content 
irrespective of presence or absence of P. fluoresence (Table 82). 
Potassium fertilizer alone or in combination with other fertilizers 
increased potassium (K) content significantly. Maximum K content was 
observed in plants supplied with K fertilizer alone. K content was not 
altered significantly by M. incognita inoculation. P. fluorescens 
inoculation resulted in significantly higher K content irrespective of the 
presence or absence of M. incognita. Highest K content was observed in 
P. fluorescens inoculated plants supplied with NK fertilizer combination. 
K content significantly increase when plants were inoculated with P. 
fluorescens along with fertilizers as compared to plants inoculated with 
P .fluorescens alone except N, P and NP treatments (Table 83). 
Nematode related parameters 
Nematode population in soil was significantly lower in plants 
treated with fertilizers. Maximum reduction in nematode population in 
soil was observed when a combination of all the three fertilizers was 
given and was followed by NK and PK combinations. N, P or K applied 
singly, were less effective in reducing population of M. incognita in soil. 
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1 = 0 2 = N 3 = P 4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
Inoculation treatments 
A = 0 B = Pseudomonas fluorescens C = Meloidogyne incognita 
D = P. fluorescens and M. incognita 
Fig. 35 Effect of Pseudomonas fluorescens and N, P and K fertilizers on the 
N, P and K content of tomato in the presence as well as absence of 
M. incognita 
M. incognita in soil. Maximum soil population of nematode was observed 
in plants inoculated with M. incognita alone, and it was minimum when 
nematode inoculated plants were treated with NPK fertilizers in the 
presence of P. fluorescens (Table 84). 
Except Phosphorus fertilizer, all other fertilizers alone or in 
combinations significantly decreased nematode population in root. 
Maximum reduction in population of M. incognita in root was caused by 
NPK combination, followed by NK combination. N, K, NP and PK 
combinations were less effective but still caused significant decline in 
population of M. incognita in root. P. fluorescens inoculation caused 
highly significant reduction in nematode population in root. Maximum 
nematode population in root was observed in plants treated with M. 
incognita alone (in the absence of fertilizers) and minimum in plants 
where P. fluorescens was inoculated in the presence of NPK 
combinations (Table 85). 
Except Phosphorus fertilizer, all other fertilizer treatments either 
singly or in combination resulted a significant reduction in the number 
of egg masses per root system. NPK and NK combinations resulted in 
equal and maximum reduction in the number of egg masses per root 
system. P. fluorescens inoculation caused highly significant decrease in 
egg mass number per root system. Highest number of egg masses per 
root system was observed in plants inoculated with M. incognita alone, 
whereas lowest number v/as observed in plants inoculated with P. 
fluorescens in the presence of NK fertilizer combination (Table 86). 
Fecundity was reduced significantly only by PK and NPK 
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Inoculation treatments 
A = Meloidogyne incognita 
4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
B = P. fluorescens and M. incognita 
Fig. 36 Effect of Pseudomonas fluorescens and N, P and K fertilizers on the 
population of M. incognita in root and in soil, and on the number of 
egg masses per root system 
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1 = 0 2 = N 3 = P 4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
Inoculation treatments 
A = Meloidogyne incognita B = P. fluorescens and M. incognita 
Fig. 37 Effect of Pseudomonas fluorescens and N, P and K fertil^ Eers on tht 
fecundity of M. incognita and on the number of galls per root system 
fertilizer treatments reduced fecundity non-significantly. Maximum 
reduction in fecundity occurred when all the three fertilizers (NPK) were 
applied together. P. fluorescens inoculation significantly decreased the 
fecundity. Highest value of fecundity was observed in plants inoculated 
with M. incognita alone, while lowest fecundity value was observed when 
plants were inoculated with P. fluorescens and treated with NPK 
combination (Table 87). 
All fertilizer treatments studied caused significant reduction in 
the number of galls per root system. Maximum reduction was caused by 
NK fertilizer combination, which was statistically similar to that caused 
by NPK combination. Individual fertilizer treatments were less effective 
in reducing fecundity as compared to combined treatments. 
P. fluorescens inoculation caused highly significant decrease in 
the number of galls per root system. The number of galls per root 
system was highest in plants inoculated with M. incognita alone, and 
lowest in plants inoculated with P. fluorescens and treated with NPK 
combination of fertilizers (Table 88). 
Discussion 
Fluorescent pseudomonads constitute an important group of 
PGPR, which can significantly increase plant growth (Kloepper and 
Schroth, 1981). They have frequently been considered as the biocontrol 
agent of root diseases of plants. Various workers have reported the 
suppressive effect of Pseudomonas fluorescens on Meloidogyne incognita 
(Siddiqui et al, 2003; Siddiqui and Mahmood, 2003; Khan and Akram, 
2000 and Eapen et al, 1997). This suppressive effect of P. fluorescens 
































































































that in the presence of P. fluorescens there was significant reduction in 
the severity of root-knot disease. Length, fresh weight and dry weight of 
nematode infected plants was significantly increased in the presence of 
P. fluorescens. Nutrient contents in nematode inoculated plants has 
been found to be reduced due to M. incognita infection, while P. 
fluorescens improved the NPK contents to a significant level. 
Fluorescent pseudomonads produce a number of secondary metabolites 
that possess antimicrobial activity (Leisinger and Margraff, 1979). The 
inoculation with P. fluorescens resulted a reduction in the population of 
M. incognita in soil as well as in root. The number of egg masses per 
root system, number of eggs per egg mass (fecundity) and the number 
of galls per root system were found to be significantly reduced in plants 
inoculated with P. fluorescens. This bacterium has also been reported to 
reduce galling by M. incognita on tomato, brinjal, mungbean and 
soyabean by Siddiqui and Showkat (2003). Number of galls as well as 
the number of eggs of M. incognita was found to be significantly reduced 
when P. fluorescens was used as seed treatment in tomato (Verma et al., 
1999). Soil application of P. fluorescens in grapevine resulted in 
suppression of nematode multiplication (Shanthi et al, 1998). 
Beneficial fluorescent pseudomonads can promote plant growth and 
induce disease suppressiveness by several mechanisms. These include 
siderophore production (Kloepper et a/., 1980), antibiotic production 
(Brisban et al., 1987 and Thomashow and weller 1988), HCN production 
(Schippers, 1988) and by competition in soil and root colonization 
(Weller, 1988). 
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During last few years, members of the genus Pseudomonas have 
attracted the attention of agronomists and microbiologists for their 
positive effect on plant growth promotion (Defago et al, 1990). Plant 
growth promotion and biological control are often both induced by the 
fluorescent pseudomonads (Kloepper et al, 1988 and Suslow, 1982) 
and the same result was also observed in the present study. P. 
fluorescens suppressed the development of root-knot disease and 
promoted the growth of tomato plants. Direct plant growth promotion 
by fluorescent pseudomonads has been reported by many workers. 
Khan and Khan (2001) reported an increase in plant growth and yield 
variables of tomato var. Pusa Ruby inoculated with P. fluorescens. In 
the present study, P. fluorescens inoculation resulted a significant 
increase in length, fresh weight, dry weight and nutrient content of 
tomato plants. Growth promotion by P. fluorescens may be due to the 
production of ph5^ohormones like C3rtokinins (Garcia de Salamone et al, 
2001) or other factors like vitamins (Marek-Kazaczok and Skorupska, 
2001). Nandakumar et al (2001) reported that P./Zuorescens application 
as a bacterial suspension or a talc based formulation through seed, 
root, soil and foliar application (alone or in combination) promoted plant 
growth and ultimately increased 3delds under glasshouse or field 
conditions. Mishra and Sinha (2000) observed significant increase in 
seed germination, root length, shoot length and fresh weight of rice in 
the presence of P. fluorescens. Pal et al, (1999) observed that 
fluorescent pseudomonads exhibited lAA production, phosphate 
solubilization and siderophore production. These substances may play 
an important role in plant growth promotion by these bacteria. 
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Solubilization of soil phosphorus and consequent enhancement in its 
availability to the plant is recogonized as one of the primary benefits of 
fluorescent pseudomonads to the plants. Solubilization of iron by 
microbial siderophores has been reported to increase crop yield 
significantly (Glick, 1995). 
Application of fertilizers resulted in significant increase in plant 
growth and nutrient content. Single fertilizer treatments were less 
effective than combined ones, and a combination of all the three 
fertilizers gave maximum growth promotion. N, P and K fertilizers used 
together have been reported to reduce yield loss by Balogun and 
Babatola (1990). Fertilizers have been reported to increase the growth 
of nematode infected plants by Khan and IChan (1995). Akhtar et al. 
(1998) showed that application of NPK fertilizers induced a significant 
growth increase both in M. incognita inoculated and uninoculated 
plants. Nutrient content in nematode inoculated plants has been found 
to be reduced due to M. incognita infection, while P. Jluorescens 
improved the N, P and K contents to a significant level. A particular 
nutrient content in plants increases when the same nutrient is added 
with a fertilizer dosage. Macgado et al, (1988) have also reported that 
fertilizer treatment (NPK) increased nitrogen, calcium and sulphur 
contents in the shoot of Eucalyptus citriodora raised from seeds in 
nursery beds inoculated with Paspalum notatum root inoculum of a wild 
fungus. 
Application of fertilizers resulted a decrease in infection and 
multipUcation of M. incognita. These findings are similar to those as 
observed by Ahmed et al, (1991) and Waecke and Wando (1993). 
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Reproduction of M. incognita and galls formed by it on papaya roots 
were significantiy reduced by the application of N fertilizer (Khan and 
Khan, 1995). Ahmed et al (1991) reported that N and P fertilizers 
reduced the population of M. incognita in soil and in root. N, P and K 
fertilizers were also found to suppress the pathogenic effect of M. 
incognita by Waceke and Wando (1993). Reduction in infection and 
multiplication of M. incognita can be attributed to the nematicidal 
potential of nitrogenous fertilizers (Rodriguez Kabana et al, 1981, 1982; 
Singh and Sitaramaiah, 1967; Sitaramaiah and Singh, 1969). In fact 
ammonical nitrogen has been reported to be detrimental to nematodes 
(Badra and Khattab, 1980; Upadyaya, 1969 and Akhter et al., 1998). 
Phosphatic fertilizer failed to suppress the population of M. incognita in 
root or the number of egg masses per root system. Similar findings have 
been reported by Tylka et al. (1991). According to them, phosphorus 
fertilizer had no effect on soyabean cyst nematode Heterodera glycines. 
In cotton. Smith et al. (1986d) noted that phosphorus fertilization 
increases yield losses due to M. incognita, increased nematode inoculum 
densities and nematode junveniles penetrating the seedling root. 
However, combined fertilizer treatments have been reported to suppress 
nematode multiplication and infection (Balogun and Babatola, 1990 
and Waceke and Waudo, 1993) and improve the growth of the host 
plant (Akhter et al, 1998), probably through improved host nutrition. 
The response of the fertilizers was not very effective in M. incognita 
inoculated plants. But the plants utilized fertilizers more efficientiy 
when inoculated with P. fluorescens and this resulted in reduction in 
damage caused by M. incognita to a larger extent. Shabaev and Smolin 
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(1999) also observed that the microplots treated with fertilizers and 
inoculated with Pseudomonas gave increased N content in grain and 
straw as compared to fertilizer alone. Application of bacteria with N 
fertilizer compared with PK fertilizer alone provided greater grain yield 
and the increase in grain yield was from 1.19 t /ha to 1.44 t /ha. 
Siddiqui et al., 2001 also observed a significant increase in the growth 
of tomato plants treated with P. fluorescens and inorganic fertilizers. 
Summary 
The objective of this experiment was to determine the role of N, P 
and K fertilizers in the interaction between Pseudomonas fluorescens 
and Meloidogyne incognita. A preliminary investigation was first carried 
out to determine the most effective dose of N, P and K fertilizers. Results 
obtained showed that the most effective dose of fertilizers was 300 
mg/Kg for N; 125 mg/ Kg for P and 200mg/Kg for K. These doses of the 
fertilizers were applied to the plants in the main experiment where they 
were used alongwith M. incognita and P. fluorescens. Inoculation with M. 
incognita resulted a significant reduction in plant length, fresh weight 
and dry weight. The nutrient content(N, P and K) of nematode infected 
plants was lower tlian other treatments. P. fluorescens inoculation 
resulted in significant increase in the length, fresh weight and dry 
weight of the plants. The nutrient content of P. fluorescens resulted in 
increased values of growth parameters and nutient status in the 
presence of M. incognita. 
Individual fertilizer application was found to be less effective in the 
promotion of plant growth and their nutrient content as compared to 
combined application. Application of all these fertilizers together was 
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found to be most effective. It was more effective in reducing the 
infection and multiplication of M. incognita when used along with P. 
flourescens. M. incognita alone showed highest values of infection and 
multiplication parameters, and these were adversely altered by the 
plant growth promoters used. 
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SECTION - V 
SECTION V 
Effect of Glomus mosseae and Pseudomonas fluorescens, alone and 
in combination, on development of root-knot nematode, 
Meloidogyne incognita on tomato 
Introduction 
The activities of rhizosphere inhabiting AMF and sedentary 
endoparasitic nematode, M. incognita exert a characteristic but opposite 
effect upon plant health and vigour. The obligate symbiotic 
endomycorrhizae can stimulate plant development (Rich and Bird, 
1974), whereas the root-knot nematode is a parasite that suppresses 
plant growth (Sasser, 1972). Several investigations have shown tha t 
AMF can markedly alter plant response to plant parasitic nematodes 
(Hussey and Roncadori, 1982). There is increasing evidence that unde r 
various environmental conditions, the adverse effect of plant parasit ic 
nematodes can be partially alleviated by the presence of AM fungal 
association (Hussey and Roncadori, 1978 and Sikora, 1979). On the 
other hand, there are many reports where nematode population 
remains unaffected (O'Bannon et ah, 1979; O'Bannon and Nemec, 
1979) or even stimulated under the influence of mycorrhizal association 
(Atilano et al, 1981). The beneficial effect of AMF on the nematode 
susceptible p lants offset the damage caused by M. incognita (Hussey 
and Roncadori, 1982; Bagyaraj et al., 1979 and Saleh and Sikora, 
1984). 
Fluorescent pseudomonads constitute an important group of 
PGPR, which can significantly increase plant growth (Kloepper and 
Schroth, 1981). They have frequently been considered as the biocontrol 
agent of root diseases of plants. Various workers have reported the 
suppressive effect of Pseudomonas fluorescens on Meloidogyne incognita 
(Siddiqui et ah, 2003; Siddiqui and Mahmood, 2003 and Eapen et ah, 
1996). Fluorescent pseudomonads produce a number of secondary 
metabolites that possess antimicrobial activity (Leisinger and Margraff, 
1979). This bacterium has been reported to reduce galling by M. 
incognita on tomato, brinjal, mungbean and soyabean (Siddiqui and 
Showkat, 2003). Beneficial fluorescent pseudomonads can promote 
plant growth and induce disease suppressiveness by severed 
mechanisms. These include siderophore production (Kloepper et ah, 
1980), antibiotic production (Brisban et al, 1987; Thomashow and 
Weller, 1988), HCN production (Schippers, 1988) and by competition in 
soil and root colonization (Weller, 1988) 
Combined application of G. mosseae and P. fluorescens has been 
reported to be more effective in nematode control (Siddiqui and 
Mahmood, 2001). N, P, Mn and Cu content of grapevine was increased 
by concomitant inoculation with P. fluorescens (Bavaresco and Fagher, 
1992). In this section, the effect of individual and combined application 
of G. mosseae and P. fluorescens on the growth of tomato and on the 
development of root-knot disease has been studied. 
Materials and methods 
Plant culture 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (30 cm 
diameter) from seeds surface sterilized with 0.01% mercuric chloride. 
The surface sterilized seeds were sown in pots filled with autoclaved 
sandy loam soil (66% sand, 24% silt, 8% clay and 2% OM, pH 7.7). 
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AM fungus, Glomus mosseae and root-knot nematode, 
Meloidogyne incognita used a s inoculants were maintained and 
multiplied a s already described in Section III. The third inoculant, 
Pseudomonas fluorescens was maintanied and multiplied as already 
described in Section IV. The inoculum of G. mosseae was raised and 
maintained on maize (Zea mays). The population of G. m.osseae in the 
inoculum was assessed by the most probable number method (Porter, 
1979). 60 g of inoculum with soil was added around the seedlings to 
inoculate 1200 infective propagules of G. mosseae per plant. Af. 
incognita inoculation was done after removing the top soil layer around 
the root carefully, a suspension of 2000 freshly hatched juveniles of 
nematodes per plant was poured around the root and the soil was 
replaced to its former condition. For inoculation of P. fluorescens, 2 ml 
of bacterial suspension was poured around each seedling, to inoculate 2 
X 108 bacterial cells per plant. The t reatments were a s follows. 
1. Control 
2. M. incognita (MI) 
3 . G. mosseae (GM) 
4. P. fluorescens (PF) 
5. (MI + GM) 
6. (MI + PF) 
7. (GM + PF) 
8. (MI + GM + PF) 
The effect of these t reatments was studied in terms of their 
influence on plant growth, nutr ient s ta tus , on mycorrhization and on 
the nematode infection and multiplication. The data collected were 
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statistically analysed in simple randomized design by the method of 




Shoot length of M. incognita inoculated plants was significantly 
lower than all other treatments as well as the uninoculated control. 
Inoculation with G. mosseae and P. fluorescens caused significant and 
statistically similar increase in shoot length. G. mosseae or P. 
fluorescens caused non-significant increase in shoot length in the 
presence of M. incognita. Maximum increase (32.8%) in shoot length 
was observed when plants were inoculated in combination with G. 
mosseae and P. fluorescens. Even in the presence of Af. incognita, these 
two organisms inoculated together increased shoot length signficantly 
(Table 89). 
Root length was lowest in plants inoculated with Af. incognita. P. 
fluorescens increased root length significantly both in the presence as 
well as in the absence of M. incognita. G. mosseae too increased root 
length signficantly in the absence of Af. incognita, but the increase 
became non-significant when nematodes were inoculated. Root length 
was highest (43.7%) in plants inoculated in combination with G. 
mosseae and P. fluorescens, but it was reduced significantly in the 
presence of M. incognita. Even then, the root length was significantly 
higher, compared to the uninoculated control (Table 89). 
M. incognita inoculated plants had the lowest plant length. This 
was significantly lower than all other treatments studied. G. mosseae 
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and P. fluorescens inoculation caused statistically similar and 
significant increase in plant length, but the presence of M. incognita 
resulted a non-significant increase. Maximum increase (36.2) in plant 
length was observed when both G. mosseae and P. fluorescens were 
inoculated together. Even in the presence of M. incognita, these two 
organisms in combination resulted an increase in plant length as 
compared to the control (Table 89). 
Inoculation with M. incognita resulted in significant reduction in 
shoot, root and plant fresh weight. Inoculation with G. mosseae or P. 
fluorescens resulted a significant increase in shoot, root and plant fresh 
weight. In presence of G. mosseae or P. fluorescens, M. incognita failed to 
cause significant change in shoot, root and plant dry weight. When 
inoculated together, G. mosseae and P. fluorescens resulted a higher 
shoot, root and plant fresh weight irrespective of the presence or 
absence of M. incognita (Table 90). 
M. incognita caused a significant decrease in the shoot and whole 
plant dry weight. The reduction in root diy weight due to M. incognita 
was not significant. Inoculation with G. mosseae or P. fluorescens 
resulted significant increase in shoot, root and plant dry weight. G. 
mosseae caused significantiy greater increase in shoot and whole plant 
dry weight, compared to P. fluorescens. Root dry weight of G. mosseae 
and P. fluorescens inoculated plants was not significantiy different. In 
the presence of G. mosseae or P. fluorescens, M. incognita failed to cause 
significant change in shoot and plant dry weight. In the presence of M. 
incognita, G. mosseae increased root dry weight significantiy. G. 
mosseae and P. fluorescens in combination resulted in higher shoot, 
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Table 89. Effect of inoculation of M. incognita, G. mosseae and P. 
fluorescens, alone and in combination, on shoot, root and 
plant length of tomato 
Treatment Shoot length Root length Plant length 
(cm) (cm) (cm) 
Control 39.3±2.6 18.3±1.2 57.6±3.8 
M. incognita {Mi) 27.5±1.7 14.9±1.2 42.4±2.8 
G. mosseae (Gm) 46.4±4.3 22.5±2.1 68.9±6.1 
P./Zuorescens (Pf) 44.6±4.2 21.9±1.6 66.5±5.6 
Mi + Gm 42.1±2.6 19.2±1.4 61.3±4.0 
Mi + Pf 40.3±2.3 20.6±1.7 60.9±4.0 
Gm + Pf 52.2±4.0 26.3±2.1 78.5±6.1 
Mi + Gm + Pf 45.3±3.6 23.2±2.2 68.5±5.9 
L.S.D. a t5% 4.2 2.3 6.4 
Table90: Effect of inoculation of M. incognita^ G. mosseae and P. 
fluorescens, alone and in combination, on shoot, root and 
plant fresh weight of tomato 
Treatment Shoot fresh Root fresh Plant fresh 
Weight (g) Weight (g) Weight (g) 
Control 
M. incognita (Mi) 
G. mosseae (Gm) 
P. fluorescens (Pf) 
Mi + Gm 
Mi + Pf 
Gm + Pf 
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A = Control 
C = Glomus mosseae 
E = M. incognita + G. mosseae 
G = G. mosseae + P. fluorescens 
B = Meloidogyne incognita 
D = Pseudomonas fluorescens 
F = M. incognita + P. fluorescens 
H = M. incognita + G. mosseae + 
P. fluorescens 
Fig. 38 Effect of inoculation of M. incognita, G.mosseae and P. fluorescens, alone 









































A = Control 
C = Glomus mosseae 
E = M. incognita* G. mosseae 
G = G. mosseae + P. fluorescens 
B = Meloidogyne incognita 
D = Pseudomonas fluorescens 
F = M. incognita + P. fluorescens 
H = M. incognita + G. mosseae + 
P. fluorescens 
Fig. 39 Effect of inoculation of M. incognita, G.mosseae and P. fluorescens, alone 
and in combination, on shoot, root and plant fresh weight of tomato 
root and plant dry weight even in the presence of M. incognita (Table 
91). 
Nutrient Status 
Nitrogen (N) content was lowest in nematode inoculated plants as 
compared to uninoculated control. Both G. mosseae and P. fiuorescens 
caused significant increase in N content. G. mosseae resulted a higher 
increase in N content as compared to P. fiuorescens. G. mosseae 
significantly increased the N content of tomato plants even in the 
presence of M. incognita, but P. fiuorescens caused only non-significant 
increase in the presence of this nematode. N content of the plants was 
highest (32.1%) when both G. mosseae and P. fiuorescens were 
inoculated. This was statistically similar to that observed in plants 
inoculated with G. mosseae alone (Table 92). 
Lowest phosphorus (P) content was observed in plants inoculated 
with M. incognita, as compared to uninoculated control. P content of 
plants was highest (36.8%) when both G. mosseae and P. fiuorescens 
were present together. This result however, was not significantly 
different from those where either of these organisms were present. G. 
mosseae and P. fiuorescens, whether present alone or in combination, 
resulted a significant increase in P content of tomato plants even in the 
presence of M. incognita (Table 92). 
The potassium (K) content in M. incognita inoculated plants, was 
not significantly different from that of control. G. mosseae and P, 
fiuorescens increased K content significantly, and presence of M. 
incognita resulted non signficant difference in the enhancement of K 
content by these organisms. K content was highest (26.9%) in plants 
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Table 91: Effect of inoculation of M. incognita, G. mosseae and P. 
fluorescens, alone and in combination, on shoot, root and 
plant dry weight of tomato 
Treatment 
Control 
M. incognita (Mi) 
G. mosseae (Gm) 
P. fluorescens (Pf) 
Mi + Gm 
Mi + Pf 
Gm + Pf 































L.S.D. at 5% 0.90 0.34 1.21 
Table 92: Effect of inoculation of M. incognita, G. mosseae and P. 
fluorescens, alone and in combination, on nitrogen, 
phosphorus and potassium content of tomato 
Treatment 
Control 
M. incognita (Mi) 
G. mosseae (Gi 
P. fluorescens 
Mi + Gm 
Mi + Pf 
Gm + Pf 
Mi + Gm + Pf 
















































0 = = ^ 1 = = ^ 1 . 1 — 
^71 f ^ r 
J J J P 







































A = Control 
C = Glomus mosseae 
E = M. incognita + G. mosseae 
G = G. mosseae + P. fluorescens 
B = Meloidogyne incognita 
D = Pseudomonas fluorescens 
F = M. incognita + P. fluorescens 
H = M. incognita + G. mosseae + 
P. fluorescens 
Fig. 40 Effect of inoculation of M. incognita, G.mosseae and P. fluorescens, alone 
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A = Control 
C = Glomus mosseae 
E = M. incognita + G. mosseae 
G = G. mosseae + P. fluorescens 
B = Meloidogyne incognita 
D = Pseudomonas fluorescens 
F = M. incognita + P. fluorescens 
H = M. incognita + G. mosseae + 
P. fluorescens 
Fig. 41 Effect of inoculation of M. incognita, G.mosseae and P. fluorescens, alone 
and in combination, on nitrogen, phosphorus and potassium content of 
tomato 
where botii P. fluorescens and G. mosseae were present, and presence of 
M. incognita alongwith these two organisms caused a non-significant 
decrease in K content of tomato plants (Table 92). 
Nematode related parameters 
The population of M. incognita in soil was significantly reduced in 
the presence of either P. fluorescens or G. mosseae or both. Maximum 
reduction occurred when P. fluorescens and G. mosseae were present 
together. This was statistically similar to that caused by G. mosseae 
alone. When P. fluorescens alone was inoculated, the reduction in 
nematode population was significantly lower to G. mosseae inoculated 
plants. A similar result was observed for the population of M. incognita 
in root (Table 93). 
Number of e ^ masses per root system was highest when M. 
incognita alone was inoculated. Presence of G. mosseae and/or P. 
fluorescens caused significant reduction in this number. Maximum 
reduction was observed when both G. mosseae and P. fluorescens were 
inoculated together and this was significantly higher than that caused 
either by G. mosseae or P. fluorescens alone. The reduction in number 
of egg masses per root system caused by G. mosseae was statistically 
similar to that caused by P. fluorescens (Table 93). 
Significant reduction in fecundity was observed when plants were 
inoculated with P. fluorescens or G. mosseae or both. A combination of 
both these organisms resulted a maximum decline in fecundity. But 
statistically, the reduction caused by both G. mosseae and P. 
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A = M. incognita 
C = /If. incognita + P. fluorescens 
B = Af. incognita* G. mosseae 
D = Af. incognita* G. mosseae 
+ P. fluorescens 
Fig. 42 Effect of inoculation of G. mosseae and P. fluorescens alone 
and in combination, on the population of M. incognita in soil 

























A = /If. incognita 
C = M. incognita + P. fluorescens 
B = M. incognita* G. mosseae 
D = M. incognita* G. mosseae 
+ P. fluorescens 
Fig.43. Effect of inoculation of G. mosseae and P. fluorescens alone 
and in combination, on the fecundity of M. incognita on the 
number of galls per root system 
mosseae alone. P. fluorescens alone caused significantly lesser 
reduction in fecundity than G. mosseae (Table 93). 
Plants inoculated with M. incognita showed the highest number of 
galls per root system. The presence of G. mosseae or P. fluorescens or 
both caused significant decrease in the population. A combination of 
both G. mosseae and P. fluorescens was the most effective, followed by 
G. mosseae and P. fluorescens alone. These differences in effectiveness 
in reducing the number of galls per root system were statistically 
significant (Table 93). 
Mycorrhization parameters 
External colonization was highest when G. mosseae was 
inoculated alone. Presence of M. incognita or P. fluorescens adversely 
affected external colonization by G. mosseae. M. incognita alone was 
more detrimental to external colonization than P. fluorescens alone 
(Table 94). 
Internal colonization was not significantly altered by P. 
fluorescens. M. incognita, alone or in combination with P. fluorescens, 
resulted a significant reduction in internal colonization. M. incognita 
alone was the most detrimental to internal colonization (Table 94). 
The percentage of arbuscules was highest when G. mosseae was 
inoculated alone. Presence of P. fluorescens and M. incognita affected it 
adversely, and caused a significant decline in this percentage. M. 
incognita, in the presence as well as absence of P. fluorescens, caused 
significant decline. P. fluorescens alone caused significantly lesser 
reduction in the percentage of arbuscules (Table 94). 





























































































































































































A = G. mosseae 
C = G. mosseae + P. fluorescens 
B = M. incognita* G. mosseae 
D = M. incognita* G. mosseae 
+ P. fluorescens 
Fig. 44 Effect of inoculation of M. incognita and P. fluorescens alone 
and in combination, on internal and external colonization and 







































A = G. mosseae 
C = G. mosseae + P. fluorescens 
B = M. incognita* G. mosseae 
D = M. incognita* G. mosseae 
* P. fluorescens 
Fig. 45 Effect of inoculation of M. incognita and P. fluorescens alone 
and in combination, on the number of chlamydospores of 
G. mosseae in root and in soil 
M. incognita caused significant and maximum reduction in 
number of chlamydospores of G. mosseae in root. P. fluorescens was 
significantly less harmful to the number of chlamydspores in root. In 
the presence of P. fluorescens, M. incognita was significantly less 
harmful in the production of chlamydospores of G. mosseae in root. P. 
fluorescens alone didn't cause significant decline in number of 
chlamydospores of G. mosseae in soil. M. incognita alone caused highest 
and significant decrease in number of chlamydospores in soil. Presence 
of P. fluorescens alongwith M. incognita made no significant difference to 
the suppression of number of chlamydospores of G. mosseae in soil 
(Table 94). 
Discussion 
Root-knot nematodes (Meloidogyne species) are widespread 
parasites of plants and cause severe damage. Usefulness of AM fungi 
has been reported from time to time by many workers (Hasan et al, 
2003; Jothi and Sundrababu, 2000). These fungi alleviate the severity 
of the disease and improve plant growth. Fluorescent pseudomonads 
have also been considered as the biocontrol agents of root diseases of 
plants. There are many reports of the suppressive effect of 
Pseudomonas fluorescens on M. incogfm'ta (Siddiqui et al, 2003; Siddiqui 
and Mahmood, 2003; Eapen et al, 1996). Combined application of G. 
mosseae and P. fluorescens has been reported to be a potent tool in 
biological control for nematode (Siddiqui and Mahmood, 2001). 
Inoculation with M. incognita resulted in the reduction of the 
growth parameters and nutrient content. Root-knot nematodes have 
been reported to inflict reduction in plant growth and yield on several 
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crops (Sasser, 1980; Sasser and Carter, 1982). Reduction in plant 
growth due to root-knot nematode infection is caused mainly by 
malfunctioning of roots resulting in impaired supply of water and 
nutrient to the infected plants. This is because of the various 
anatomical and biochemical changes induced by the nematode (Singh 
and Sitaramaiah, 1994). Reduced plant growth resulted a decrease in 
nitrogen, phosphorus and potassium content of the plants. 
Inoculation of tomato plants with Glomus mosseae significantly 
increased plant growth and nutrient contents. Improved nutrient status 
viz., nitrogen, phosphorus and potassium might be the reason for 
improved plant growth characteristics in the mycorrhizal plants. 
Mycorrhizal infection can improve the phosphorus nutrition of the host, 
and absorbed phosphorus is probably converted into polyphosphate 
granules in the external h3T)hae (Callow et al, 1978) and passed to the 
arbuscules for transfer to the host (White and Brown, 1979). The 
mycelial network in mycorrhizal plants enables them to extract 
phosphorus from places beyond the zone of low concentration around 
the roots (Jakobson et a/., 1992). AM fungi also stimulate plant uptake 
of zinc, copper, sulphur, potassium and calcium, although not as 
markedly as phosphorus (Cooper and Tinker, 1978), and tap organic 
and inorganic phosphorus sources in soil which are normally 
unavailable to non-mycorrhizal plants (Powell, 1979). Improved plant 
growth due to mycorrhizal fungus is reflected in all the parameters. 
Presence of G. mosseae adversely affected root and soil 
populations, root-galling, egg mass production and fecundity of M. 
incognita. Reduction in the root-knot disease may be possibly due to 
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improved nutrient status of the plant and better plant growth may have 
induced resistance against juvenile penetration, rate of multiplication, 
egg mass production and gall formation by the nematode. Price et al. 
(1989) also recorded significantly lower number of nematodes per gram 
of root in mycorrhizal plants than non-mycorrhizal plants and also the 
highest levels of nitrogen, sodium, phosphorus, potassium and iron 
were also recorded in mycorrhizal plants. AM fungi have been known to 
increase tolerance towards nematodes (Mengel and Kribby, 1979) and 
reduced symptoms of nematode diseases (Hussey and Roncadori, 1982). 
The increase in aminoacids, sugars, phenolic compounds and enzyme 
activity in the roots of mycorrhizal plants have been observed 
(Baltruschat and Schoenbeck, 1972 a, b; Safir, 1968; Dehne and 
Schoenbeck, 1979 and Dehne et al, 1978). High chitinase activity of the 
mycorrhizal tissue inhibits the growth of the pathogens competing for 
the same infection site. The competition, for food and space has also 
been suggested by O'Bannon and Nemec (1979) as a possible reason for 
checking the nematode attaack. Similar results were obtained by 
Cooper and Grandison (1986, 1987) while working on tomato and 
tamirillo respectively; Mishra (1996); Sundrababu et al. (1996); Mishra 
and Shukla (1997) on tomato and Butool and Haseeb (1996) working on 
Egyptian henbane. Population of nematode, egg mass production, 
fecundity and root galling showed a decline in mycorrhizal plants 
compared to plants inoculated with nematode alone. Root-knot 
nematode suppressed both external and internal colonization 
percentage, arbuscules formation and number of chlamydospores in 
soil and root. These are in agreement with Iqbal and Mahmood (1999) 
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on tomato and Jain and Hasan (1988) also reported low incidence of 
root-knot nematode in roots in crops like gram, cowpea and pigeonpea. 
Sitaramaiah and Sikora (1982) observed that inoculation of 
tomato transplants or the nursery bed with Glomus fasciculatum 
significantly reduced juvenile penetration, number of eggs/egg sac and 
development of Rotylenchulus reniformis on mycorrhizal plants when 
compared to control. Suppressed root-knot disease and plant growth 
stimulation by AM fungi has been observed on common bean, tomato, 
banana, peach, cowpea and citrus (Sivaprasad et al., 1990; Osman et 
al, 1990; Umesh et al, 1988; Suresh et al, 1985; and Hussey and 
Roncadori, 1982). Mycorrhizal infection parameters were affected by 
M. incognita to a considerable extent. Reduced mycorrhizal infection and 
development in the presence of endoparasitic nematodes has also been 
recorded by other workers on cotton, tomato and soyabean (Sikora and 
Sitaramaiah, 1995; Iqbal and Gautam, 1995; Rich and Bird, 1974; Bird 
et al, 1974; Schenck and Kinloch, 1974). Root-knot disease in the 
present study has been affected possibly by the physiological and 
biochemical changes associated with mycorrhizal colonization of roots. 
The attractiveness of the root system to M. incognita larvae was altered 
by the presence of G. mosseae which resulted in the inhibition of the 
growth of the nematode on G. mosseae colonized tomato roots (Sikora, 
1978). This shows that the AM fungi can alter the physiology of root 
and root exudation which are responsible for chemotactic attraction of 
nematode (Sikora and Schoenbeck, 1975; Sikora and Sitaramaiah, 
1995; Lingaraju and Goswami, 1993; Sitaramaiah and Sikora, 1980; 
Hussey and Roncadori, 1978 and Fox and SpasofF, 1972). 
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Direct plant growth promotion by fluorescent pseudomonads has 
been reported by many workers. Khan and Khan (2001) reported an 
increase in plant growth and yield variables of tomato var. Pusa Ruby 
plants on inoculation with P. fluorescens. In the present study, P. 
fluorescens inoculation resulted a significant increase in length, fresh 
weight, dry weight and nutrient content of tomato plants. Growth 
promotion by P. fluorescens may be due to the production of 
phytohormones like cj^okinins (Garcia de Salamone et al, 2001) or 
other factors like vitamins (Marek-Kazaczok and Skorupska, 2001). 
Nandakumar et al. (2001) reported that P. fluorescens application as a 
bacterial suspension or a talc based formulation through seed, root, soil 
and foliar application (alone or in combination) promoted plant growth 
and ultimately increased yields under glasshouse or field conditions. 
Mishra and Sinha (2000) observed significant increase in seed 
germination, root length, shoot length and fresh weight of rice in the 
presence of P. fluorescens. Pal et al. (2001) observed that fluorescent 
pseudomonads exhibited L\A production, phosphate solubilization and 
siderophore production. These substances may play an important role 
in plant growth promotion by these bacteria. 
Fluorescent pseudomonads have frequently been considered as 
the biocontrol agent of root diseases of plants. Various workers have 
reported the suppressive effect of Pseudomonas fluorescens on 
Meloidogyne incognita (Siddiqui et al, 2003; Siddiqui and Mahmood, 
2003; Khan and Akram, 2000 and Eapen et al, 1997). This suppressive 
effect of P. fluorescens on M. incognita was observed in the present study 
also. It was observed that in the presence of P. fluorescens there was 
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significant reduction in the severity of root-knot disease. The length, 
fresh weight and dry weight of nematode infected plants were 
significantly increased by the presence of P. fluorescens. The same trend 
was observed in case of nutrient content also. Fluorescent 
pseudomonads produce a number of secondary metabolites that 
possess antimicrobial activity (Leisinger and Margraff, 1979). In the 
present study inoculation with P. fluorescens resulted reduction in the 
population of M. incognita in soil as well as in root. The number of egg 
masses per root system, number of eggs per egg mass (fecundity) and 
the number of galls per root system were found to be significantly 
reduced in plants inoculated with P. fluorescens. This bacterium has 
been reported to reduce galling by M. incognita on tomato, brinjal, 
mungbean and soyabean (Siddiqui and Showkat, 2003). Number of 
galls as well as the number of eggs of M. incognita was found to be 
significantly reduced when P. fluorescens was used for seed treatment of 
tomato (Verma et ah, 1999). Soil application of P. fluorescens in 
grapevine resulted in suppression of nematode multiplication (Shanthi 
et ah, 1998). Beneficial fluorescent pseudomonads can promote plant 
growth and induce disease suppressiveness by several mechanisms. 
These include siderophore production (Kloepper et al, 1980), antibiotic 
production (Brisban et al, 1987; Thomashow and weller, 1988), HCN 
production (Schippers, 1988) and by competition in soil and root 
colonization (Weller, 1988). 
Combined inoculation with G. mosseae and P. fluorescens 
resulted in increased values of growth parameters and nutrient status 
as compared to the uninoculated control. Nitrogen, phosphorus and 
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potassium content of plants inoculated with both these symbionts 
together was higher than that of plants inoculated with either of them. 
Length of plants inoculated with both the symbionts together was more 
than those inoculated with either of these organisms. Similar results 
have earlier been reported by Siddiqui and Mahmood (1998). Nutrient 
content of grapevine was increased by concomitant inoculation with P. 
fluorescens (Bavaresco and Fagher, 1992). The suppression in M. 
incognita infection and multiplication was greater when both the 
symbionts were applied together. Combined application of G. mosseae 
and P. fluorescens has also been reported to be more effective in 
nematode control (Siddiqui and Mahmood, 2001). 
Summary 
Arbuscular mycorrhizal fungus, Glomus mosseae and a plant 
growth promoting rhizobacterium [PGPR], Pseudomonas fluorescens 
were used for the management of root-knot disease caused by 
Meloidogyne incognita on tomato var. Pusa Ruby. Af. incognita caused 
significant reduction in length, fresh weight as well as dry weight. The 
nutrient content of nematode inoculated plants was lowest. Inoculation 
with this nematode caused significant reduction in mycorrhization by G. 
mosseae. Inoculation with G. mosseae and/or P. fluorescens resulted in 
high values of growth parameters and nutrient content. G. mosseae 
caused greater increase in the values of these parameters compared to 
P. fluorescens. Inoculation of nematode infected plants with G. mosseae 
and/or P. fluorescens alleviated the adverse effect of the nematode. 
Combined inoculation of G mosseae and P. fluorescens was more 
effective in reducing the adverse effects of M. incognita compared to 
118 
individual application. G mosseae was more effective in reducing the 
infection and multiplication of M. incognita compared to P. fluorescens. 
Maximum reduction in the infection and multiplication was observed 
when both G. mosseae and P. fluorescens were inoculated. Inoculation 
of mycorrhizal plants with P. fluorescens was found to cause reduction 




Abott, L.K. and A. D. Robson, 1985. Formation of external hyphae in soil 
by four species of vesicular-arbuscular mycorrhizal fungi. New 
Phytol 99:245-255 
Abott, L.K. and A.D. Robson, 1981. Infectivity and effectiveness of five 
endomycorrhizal fungi: Competition of indigenous fungi in field 
soils. Aust. J. Agric. Res. 32:621-630 
Abott, L.K., A.D. Robson and C. Gazey, 1987. Selection of inoculant VA 
mycorrhizal fungi. In: Mycorrhizae in the Next Decade. Proceedings 
of the T-^ North American Conference on mycorrhizae. (Eds. Sylvia, 
D.M., L.L. Hung and J.H. Grahm). IFAS, University of Florida, 
Gaubesville, FL. pp 13-14 
Abott, L.K., A.D. Robson and G. 'DeBoer, 1984. The effect of phosphorus 
on the formation of hyphae in soil by the vesicular-arbuscular 
mycorrhizal fungus. Glomus fasciculatum. New Phytol 97:437-446 
Agrios, G.N., 1997. Plant pathology, IV Edition Academic Press, London. 
405 
Ahmed, S.S. and A.A. Alsayed, 1991. Interaction between the vesicular 
arbuscular mycorrhiza Glomus macrocarpus and Meloidogyne 
incognita infecting cowpea. Annals Agric. Sci. Moshtohor. 29:1765-
1772 
Ahmed, S.S., M.M. Kandil and N.A. Al-Ansi, 1991. Effect of some 
fertilizers on development of Meloidogyne incognita and growth of 
cowpea. Annals of Agricultural Science, Moshtohan 1215-1220. 
Akthar, M.,Z.A. Siddiqui and I. Mahmood , 1998. Management of 
Meloidogyne incognita in tomato by some inorganic fertilizers. 
Nematol. Medit 26: 23-25. 
Allen, M.F., T.S. Moore and M. Christensen,1980. Phytohormone changes 
in Boutelova gracilis infected by vesicular-arbuscular mycorrhizas. 
I. Cytokinin increases in the host plant. Can. J. Bot. 58:371 
Allen, M.F., W.K. Smith, T.S. Moore and M. Christensen, 1981. 
Comparative water relations and photosynthesis of mycorrhizal 
and non-mycorrhizal Bouteloua gracilis (HBK) Lag exstend. New 
Phytol. 88:683 
Allen, M.F., W.K. Smith, T.S. Moore and M. Christensen, 1982. 
Phytohormone changes in Bouteloua gracillis infected by vesicular-
arbuscular mycorrhizae. II. Altered levels of gibberellin-like 
substances and abscisic acid in host plant. Can. J. Hot. 60:468 
Allen, S.E., H.M. Grimshaw, J.A. Parkinson and C. Quarmby, 1974. 
Chemial analysis of ecological materials. Blackwell Scientific 
Publications, Oxford 
Ames, R.N., C.P.P. Reid and E.R. Ingham, 1984. Rhizosphere bacterial 
population responses to root colonization by a vesicular arbuscular 
fungus. New Phytol. 90:555 
Anderson, R.C., A.E. Liberta and L.A. Dickman, 1984. Interaction of 
vascular plants and vesicular-arbuscular mycorrhizal fungi across 
a soil moisture nutrient gradient. Oecologia. 64:111-117 
Araujo, A.P., R.O.P. Rossiello, E.M.R.D.A. Silva and D.L.D.E. Almeida, 
1996. Growth analysis of tomato colonized with arbuscular 
mycorrhizal fungi. Revista Brasilena de Ciencia do Solo 20: 233-
240. 
Asif, M., A.G. Khan, M.A. Khan and C. Kuck, 1995. Growth response of 
wheat to sheared root vesicular-arbuscular mycorrhizae inoculum 
under field conditions. In: Mycorrhizae: Biofertilizer for the future. 
(Eds. Adholeya, A. and S. Singh). Proc. 3^^^ Nat. Conf Mycorr. Tata 
Energy Research Institute Pub. pp 431-437 
Atilano, R.A., J.A. Menge and S.D. Van Gundy, 1981. Interaction between 
Meloidogyne arenaria and Glomus fasciculatum in grape. J. 
Nematol. 13:52-57 
Babu, R.S. and N. Suguna, 1998. Effective optimum dose of Glomus 
m.osseae for the management of Meloidogyne incognita on tomato, 
chillies and bhindi. International Journal of Tropical plant Disease 
16: 127-131 
12] 
Babu, R.S. and Suguna, N. 2000. Management of root-knot nematode 
(Meloidogyne incognita) on tomato with Vesicular Arbuscular 
Mycorrhiza. International Journal of Tropical Plant Diseases 18: 47-
50. 
Badra, T. and M.M. Kattab,1980. The effect of nitrogen fertilizers on the 
growth of Olive and in relations to infestation of Rotylenchulus 
reniformis Nematol. Medit 8: 67-72. 
Baghel, P.P.S., D.S. Bhatti and B.L. Jalali, 1990. Interaction of VA 
mycorrhizal fungus and Tylenchulus semipenetrans on citrus. In: 
Current Trends in Mycorrhizal Research (Eds. Jalali, B.L. and H. 
Chand). Proc. National con. Mycorrhiza, Haryana Agricultural 
University, Hissar, India. TERI viii. pp 210 
Bagyaraj, D.J. 1991. Ek:ology of vesicular-arbscular mycorrhiza. In: Hand 
Book of Applied Mycology. Vol. 1. Soil and Plants. (Eds. Arora, 
D.K., B. Rai, K.J. Mukerji and G.R. Knudsen) pp 3-34 
Bagyaraj, D.J., A. Manjunath and D.D.R. Reddy, 1979. Interaction of 
vesicular-arbuscular mycorrhiza with root-knot nematode in 
tomato. Plant and Soil. 51:397-403 
Bagyaraj, D.J., A. Manjunath and R.B. Patil, 1979. Occurrence of 
vesicular-arbuscular mycorrhizas in some tropical aquatic plants. 
Trans. Br. My col. Soc. 72:164-167 
Bagyaraj, D.J., M.S. Byra Reddy and P.A. Nalini, 1989. Selection of an 
efficient inoculant of VAM fungus for Leucaena. Ecol. Manage. 
27:791-801 
Baker, K.F. and R.J. Cook, 1974. Biological control of plant pathogens. 
Am. Phytopathol. Soc. St. Paul, MN. pp 433 
Baker, K.F., 1987. Evolving concept of biological control of plant 
pathogens. Ann. Rev. Phytopathol. 25:67-85 
Bakshi, B.K., 1974. Mycorrhizae and its role in forestry. PL480 Project 
Report, Dehra Dun, Forest Research Institute, India, pp 89 
122 
Balaz, M. and M. Vasatka, 1997, Vesicular-arbuscular mycorrhiza of 
Calamagrostis Villosa supplied with organic and inorganic 
phosphorus Biologia Plantarum 39: 281-288. 
Bali, M., N. Nigam and K.G. Mukerji, 1987. Interaction of vesicular-
arbuscular mycorrhizae with rhizosphere and rhizoplane fungi of 
Gossypium hirsutum and Corchorus olitorius. In: Mycorrhiza Round 
Table Proc. National Workshop. Jawaliarlai Nehru University, New 
Delhi, India, pp 347-355 
Balogun, O. S. and J.O. Babatola, 1990. Pathogencity of Meloidogyne 
incognita on Corchorus olitorius Nematologia Mediterranea, 16 : 23-
25. 
Baltruschat, H. and F. Schoenbeck, 1972(b). the Influence of endotrophic 
mycorrhiza on the infestation of tobacco by Thielaviopsis basicola 
Z. 84:172. 
Baltruschat, H. and F. Schoenbetz, 1972(a). Influence of endotrophic 
mycorrhiza on Chlamydospore production of Thielaviopsis basicola 
Phytopathol Z. 74:172. 
Baltruschat, H., R.A. Sikora and F. Schoenbeck,1973. Effect of vesicular-
arbuscular mycorrhiza [Endogone mosseae) on the establishment 
of Thielaviopsis basicola and Meloidogyne incognita on tobacco. 2"^ 
Int. Cong. Plant Path, p 661 (Abstr) 
Barea, J.M. and C. Azcon-Aquilar, 1982. Interaction between mycorrhiza] 
fungi and soil microorganisms. In: Les Mycorrhizas Biologic et 
Utilization. National Institute of Agronomic Research (INRA), 
France, pp 181 
Bavaresco, L. and C. Fogher, 1992. Effect of root infection with 
Pseudomonas fluorescens and Glomus mosseae in improving Fe-
efficiency of grape vine ungrafted root stock. Vitis 31: 163-168 
Bevege, D.I. and D.G. Bowen,1975. Endogone strain and host plant 
differences in development of vesicular-arbuscular mycorrhizas. In: 
Endomycorrhizas (Eds. Sanders, F.E., B. Mosse and P.B. Tinker). 
Academic Press, London, pp 77-86 
123 
Beyene, S. B. Ricken and W. Hofner, 1996. Effect of arbuscular 
mycorrhizal fungus on dry matter yield, as will as P and K 
concentrations in maize (Zea mays L) at increasing levels of P 
supply. Angewahdte Botanik; 70: 194-198. 
Bharadwaj, S., S.S. Dudeja and A.L. Khurana, 1997. Distribution of 
vesicular-arbuscular mycorrhizal fungi in the natural ecosystem. 
Folia Microbiologica. 42:589-594 
Bhatti, D.S. and R.K. Jain, 1977. Estimation of loss in Okra, Tomato, and 
Bringal yield due to Meloidogyne incognita. Indian J. Nematol 7:37-
41. 
Bird A.F. 1974. Plant response to root knot nematode Ann. Rev. 
Phytopathol 12: 69-85. 
Bolan, N.S., A.D. Robson, N.J. Barrow and L.A.G. Aylmore,1984. Specific 
activity of phosphorus in mycorrhizal and non-mycorrhizal plants 
in relation to the availability of phosphorus to plants. Soil Biol. 
Biochem. 16:299-304 
Bowen, G.D. 1987. The biology and physiology of infection and its 
development. In: Ecophysiology of VA mycorrhizal Plants. (Ed. Safir, 
G.R.) CRC Press, Inc., Boca Raton, FL. pp 27-58 
Bowen, G.D. and A.D. Rovira^ 1976.Microbial Colonization of roots. Anna. 
Rev. Phytopathol, 14:121-141 
Bowen, G.D., D.I. Bevege and B. Mosse, 1975. Phosphate physiology of 
vesicular-arbuscular mycorrhizas. In: Endomycorrhizas. (Eds. 
Sanders, F.E., B. Mosse and P.B. Tinker). Academic Press, London, 
pp 241-260 
Brisbane, D.G., L.J. Janik., M.E. Tata and R.F.O. Warren, 1987. Revised 
structure for the phenazine antibiotic from Psendomonas 
fluorescens 2-79 (NNRL B-15132) Antimicrobial Agents and 
Chemothenapy 31 : 1967-1997 
Brown, R.H. and B.R. Kerry, 1987. Nematode Control Academic Press, 
new York, U.S.A., pp. 447. 
124 
Burr, A., A. Ortuno and T. Armeno, 1998. Phosphorus solubilizing effect 
of Aspergillus niger and Pseudomonas niger. Microbiologia Espanola. 
30:113 
Burr, T. J., M. N. Schroth and T. Suslow, 1978. Increased potato yields by 
treatment of seedpieces with specific strains of Pseudomonas 
fluorescens and P. pudita. Phytopathology 68:1377-1383 
Burr, T.J. and A. Caesar, 1984. Beneficial plant bacteria. CRC Critical 
Review in Plant Sciences. 2:1-20 
Butool, F. and A. Haseeb,1996. Influence of Glomus aggregatum on root-
knot development caused by Meloidogyne incognita in Hyosayamus 
muticur. Afro-Asian J. Nematol. 6: 188-190. 
Byrd, D.W. Jr., T. Kirkpatrick and K.R. Barker, 1983. An improved 
technique for cleaning and staining plant tissue for detection of 
nematodes. J. iVematoZ. 15:142-143 
Callow, J.A., L.C.M. Capaccio, G. Parish and P.B. Tinker, 1978. Detection 
and estimation of polyphosphate in vesicular-girbuscular 
mycorrhizas. New Phytol. 80:125 
Carling, D.E. and M.F. Brown, 1980. Relative effects of vesicular-
arbuscular mycorrhizal fungus on the growth and yield of 
soyabeans. Soil Sci. Soc. AM. J. 44:528-532 
Carling, D.E., R.W. Roncadori and R.S. Hussey, 1989. Interactions of 
vesicular-arbuscular mycorrhzal fungi, root-knot nematode and 
phosphorus fertilization on soyabean. Plant Disease. 73:730-733 
Carvalho, L.M., I. Cacador and M.A. Martins-Loucao,2001. Temporal and 
spatial variation of arbuscualar mycorrhizas in salt marsh plants 
of the Tagus estuary (Portugal). Mycorrhiza, l l p p 303-309. 
Cason, K.M.T., R.S. Hussey and R.W. Roncadori, 1983. Interaction of 
vesicular-arbuscular mycorrhizal fungi and phosphorus with 
Meloidogyne incognita on tomato. J. Nematol. 15:410-417 
Chandra, S. and H.K. Kheri, 1996. PGPR and VAM: Promising biocontrol 
agents for future. Vasundhara. 1:9-18 
125 
Charest, C , G. Clark and Y. Dalpe, 1997. The impact of arbuscular 
mycorrhizae and phosphorus status on growth of two turfgrass 
species. J. Turfgrass Mana. 2:1-14 
Chhabra, M.L. and B.L. Jalali,1997. Impact of VA-mycorrhizal endophyte 
Glomus mosseae inoculation on utilization of rock-phosphate in 
wheat Plant Disease Res. 12: 163-166. 
Clarke, C. and B. Mosse,1981. Plant growth response to vesicular-
arbuscular mycorrhiza XII field inoculation responses of barley at 
two soil levels New phytol; 87: 695-703. 
Clayton, J .S. and D.J. Bagyaraj ,1984. Vesicular arbuscular mycorrhizas 
in submerged aquatic plants of New Zealand. Aquatic Botany. 
19:251-262 
Cooper, K.K. and P.B. Tinker, 1978. Translocation and transfer of 
nutrients in vesicular-arbusculgir mycorrhizas. II. Uptake and 
translocation of phosphorus, zinc and sulphate. New Phytol. 81:43 
Cooper, K.M. 1976. A field survey of mycorrhizas in New Zealand ferns. 
New Zealand J. Bot. 14:169-181 
Cooper, K.M. and G.S. Grandison, 1986. Interaction of vesicular-
arbuscular mj'^corrhizal fungi and root-knot nematode on cultivars 
of tomato and white clover susceptible to Meloidogyne hapla. Ann. 
App. Biol. 108:555-565 
Cooper, K.M. and G.S. Grandison, 1987. Effects of vesicular mycorrhizal 
fungi on infection of tamarillo {Cyphomandra betaced) by 
Meloidogyne incognita in fumigated soil. Plant Disease. 71:1101-
1106 
Cox, G. and P.B. Tinker, 1976. Translocation and transfer of nutrients in 
vesicular-arbuscular mycorrhizas.I. The arbuscule and phosphorus 
transfer: a quantitative ultrastructural study. New Phytol. 77:371-
378 
Crush, J.R. 1995. Effect of VA mycorrhizas on phosphorus uptake and 
growth of white clover [Trifolium repens L.) growing in association 
126 
with ryegrass {Lolium perenne L.). New Zealand J. Agric. Res. 
38:303-307 
Cuppucinno, J.G. and N. Sherman, 1980. Microbiology: A Laboratory 
Manual Addison Wesely Publishing, California 466 PP 
Daft, M.J. and A.A. El-Giahmi, 1976. Studies on nodulated and 
mycorrhizai peanuts. Ann. Appl. Bio. 83:273 
Daniels, B.A. and J.M. Trappe, 1980. Factors affecting spore germination 
of vesicular-arbuscular mycorrhizai fungus Glomus epigaeus. 
Mycologia. 72:457-471 
Defago, G., C.H. Berling, U. Burger, D. Hass, G. Kahr, C. Keel, C. 
Voisand, P. Writher and B. Wuthrich, 1990. Suppression of black 
root-rot of tobacco and other root diseases by strains of 
Pseudomonas fluorescens : potential applications and mechanisms. 
In: Biological Control of Plant Pathogens, pp 93-108 
Dehne, H.W. and F. Schoenbeck, 1979. The influence of endotrophic 
mycorrhiza on the Fusarium oxysporum (2) sp. Lycopersici 
PhytopathZ.. 95: 105. 
Dehne, H.W. and F. Schonbeck ,1975, The influence of endotrophic 
mycorrhiza on the Fusarium Wilt of tomato. Z. Pflkrankh, 
Phlanzenschutz. 85:630. 
Dehne, H.W., F. Schoenbeck and H. Baltrushchat,1978. The influence of 
endotrophic mycorrhiza on plant diseases 3. Chitinase-activity and 
the omi thine-cycle. Z. Pflanzenknankh Pflanzenschutz 85: 666. 
Dhillon, S.S. 1992. Evidence for the hsot-mycorrhizal preference in native 
grassland species. Mycol. Res. 94:359-362 
Diederichs, C. 1987. Interaction between five endomycorrhizal fungi and 
the root-knot nematode Meloidogyne javanica on chickpea under 
tropical conditions. Ty-opicaZAgrncuZture. 64:353-355 
Dixon, R.K., K.G. Mukerji, B.P. Chamola and K. Alpana,1997. Vesicular 
arbuscular mycorrhizai symbiosis in relation to forestation in arid 
land. Annals of Forestry. 5:1-9 
127 
Dospekhov, B.A., 1979. Field Experimetnation, Mir Publishers Moscow. 
Dwivedi, O.P., R.K., Yadav D Vyas and K.M. Vyas, 2003.Distribution of 
AM fungi in the rhizosphere soils of betel vine. Indian 
Phytopathology. 56:228-229 
Eapen, S.J., K.V. Ramana and Y.R. Sarma, 1997. Evaluation of 
Pseudomonas fluorescense isolated for control of Meloidogyne 
incognita in black pepper [Piper nigrum L). Proceedings of the 
national seminar on biotechnology of spices and aromatic plants, 
Calicut, India pp. 129-133. 
Eisenback, J.D., H. Hirschman, J.N. Sasser and A.C. Triantaphyllou, 
1981. A guide to the four most common species of Root-knot 
Nematodes (Meloidogyne species), North Carolina State University 
Graphics, Raleigh, pp 48 
Estaun, V., A. Camprubi., C. Calvet and J. Pinochet,2003. Nursery and 
field response of olive trees inoculated with two arbuscular 
mycorrhizal fungi. Glomus intraradices and Glomus mosseae. 
Journal of American Society for Horticultural Sceince. 128: 767-775. 
Fay, P., D.T. Mitchell and B.A. Osborne, 1996. Photosynthesis and 
nutrient use efficiency of barley in response to low arbuscular 
mycorrhizal colonization and addition of phosphorus. New Phytol; 
132: 425-433. 
Ferguson, J .J . (Ed), 1984. Application of mycorrhizal fungi to crop 
production. Gainesville, University of Florida Press. 
Fiske, C.H. and Y. Subrarow, 1925. The colorimetric determination of 
phosphorus. J. Biol. Chem. 66:375-400 
Fox, J.A. and L. Spasoff,1972. Interaction of Heterodera solanacearum 
and Endogone gigantea on tobacco. J. Nematol. 4:1224-225 
Frank, A.B. 1885. Uber die auf Werzelsymbiose beruhende Emahrung 
gewisser Baume durch unterirdische Pilze. Ber. Dtsch. Bot. Ges., 
3:12145 
128 
Garcia de salamone, I.E., R.K. Hynes and L.M. Nelson,2001. Cytokinin 
production by plant growth promoting rhizobacteria and selected 
mutants Canadian journal of Microbiology 47: 404-411. 
Geels, F.P., J.G.Lamers ., O. Hockstra and B. Schippersj 1986. Potato 
plant response to seed tuber bacterization in the field in various 
rotations. Neth. J. Plant Pathol.92:257-272 
Gerdemann, J.W. 1975. Vesicular-arbuscular mycorrhizae. In: The 
Development and Function of Roots. (Eds. Torrey, J.G. and D.T. 
Clarkson). Academic Press, London, pp 576-591 
Gerdemann, J.W. and T.H. Nicolson, 1963. Spores of mycorrhizal 
Endogone sp. Extracted from soil by wet sieving and decanting. 
Trans. Brit. Mycol. Soc 46:235-246 
Gerdemann, J.W., 1968. Vesicular-arbuscular mycorrhiza and plant 
growth. Ann. Rev. Phytopathol. 6:397-418 
Gerdemann, J.W., 1975. Vesicular-arbuscular mycorrhizae. In: The 
Development and Function of Roots. (Eds. Torrey, J.G. and D.T. 
Clarkson). Academic Press, London, pp 576-591 
Gianinazzi, S., V. Gianinazzi-Pearson and J. Dexheimmer , 1979. 
Enzymatic studies on the m.etabolism of VA-mycorrhiza III. 
Ultrastructural localization of acid and alkaline phosphates in 
onion roots infected by Glomus mosseae (Nicol and Gerd.). New 
Phytol. 82:127 
Giovannetti, M. and B. Mosse, 1980. An evaluation of technique for 
measuring vesicular-arbuscular mycorrhizal infection in roots. New 
Phytol. 84:498-500 
Glick, B.R. 1995. The enhajicemcnt of plant growth by free living 
bacteria. Canadian journal of Micro-biology 41: 109-117. 
129 
Goh, T.B., M.R. Banerjee. S. Tu and D.L. Burton, 1997. Vesicular-
arbuscular mycorrhizae mediated uptake and translocation of P 
and Zn by wheat in a calcareous soil. Can J. Plant Sci. 3: 339-346. 
Gonzalez-Chavez, M.V. and R. Ferrera-Cerrato, 1989. Distribution of 
endomycorrhiza (VA) in maize [Zea mays) culture in soils from the 
state of Mexico. Micologia Neotropical Aplicada. 2:115-121 
Gotke, N. and G. Swarup, 1988. On the potential of some bacterial 
biocides against root-knot and cyst nematodes. Ind. J. Nematol. 
18:152-153 
Graham, J.H., R.T. Leonard and J.A. Menge, 1981. Membrane-mediated 
decreases in root exudation responsible for phosphorus inhibition 
of vesicular-arbuscular mycorrhiza formation. Plant Physiol. 
68:548-522 
Graham, J.H., R.T. Leonard and J.A. Menge, 1982. Interaction of light 
intensity and soil temprature with phosphorus inhibition of 
vesicular-arbuscular mycorrhiza formation. New Phytol. 91:683-
690 
Grandison, G.S. and K.M. Cooper, 1986. Interaction of vesicular-
arbuscular mycorrhizae and cultivars of alfalfa susceptible and 
resistant to Meloidogyne hapla. J. Nematol. 18:141-149 
Graw, D. and S. Rehm,1977. Vesikular-arbuskular Mykorrhiza in den 
Fruchttragem von Arachis hypogea. L.Z. Acker-Und Pflanzenbau. 
144:75-78 
Hafeel, K.M. and I.A. Gunatillche, 1988. Distribution of endomycorrhizae 
spores in disturbed sites of a lowland rain forest in Sri Lanka. In: 
Proc. Jsf Asian Conf. Myco. University of Madras, Guindy Campus, 
India. 337-345 
HaiYan Li., Liu Runjin and Shu Huai Rui, 2002. Interaction between AM 
fungi and grape Meloidogyne incognita. Acta Honticulturae. Sinica 
29: 510-514. 
Hall, I.R. and B.J. Fish, 1979. A key to endogonaceae. Trans. British 
My col. Soc. 73:262-270 
130 
Hanna, A.I., F.W. Riad and A.E. Tawfik, 1999. Efficacy of antagonistic 
rhizobacteria on the control of root-knot nematode, Meloidogyne 
incognita in tomato plants. Egyptian Journal of Agricultural 
Research??: 1467-1476. 
Harinikumar, K.M. and D.J. Bagyaraj ,1988. Effect of crop rotation on 
native vesicular-arbuscular mycorrhizal propagules in soil. PI. Soil. 
110:77-80 
Harinikumar, K.M., V.P. Savalgi, D.J. Bagyaraj, K.K. Math, Veena Savalgi 
and C.V. Patil, 1990. Selection of an efficient vesicular-arbuscular 
mycorrhizal fungus for sunflower. In: Mycorrhizal Symbiosos and 
Plant growth. (Eds. Bagyaraj, D.J. and A. Manjunath). Mycorrhiza 
Network Asia and University of Agricultural Sciences, Bangalore 
Pub. pp 74-77 
Haripriya, K and M.V. Sriramchandrasekharan, 2002. Effect of VAM 
inoculation on the growth and 5deld of chrysanthemum Journal of 
Ecobiology, 14: 39-42. 
Harley, J.L. and S.E. Smith> 1983. Mycorrhizal symbiosis. Academic 
Press, London, pp 463 
Harley, J.L., 1969. The Biology of Mycorrhiza, 2^^ Ed. Leonard Hill, 
London. 
Hartman, K.M. and J.N. Sasser, 1985. Identification of Meloidogyne 
species on the basis of differential host test and perineal pattern 
morphology. In: An Advanced Treatise on Meloidogyne (Eds. Baker, 
K.R., C.C. Carter and J.N. Ssser). North Carolina State University 
Graphics, Raleigh. Vol. II. Methodology, pp 69-77 
Hasan, A., M.N. Khan and M.N. Khan,2003. Effect of cropping sequence 
on colonization and population of VA mycorrhiza and root-knot 
nematode, and yeild of urdbean (Phaseolus mungo Roxb). 
Mycorrhiza News 15: (16-19). 
Hasan, N. and R.K. Jain, 1987. Parasitic nematodes and vesicular-
arbuscular mycorrhizal (VAM) fungi associated with berseem 
[Trifolium alexandrium L.) in Bundelkhand region. Indian J. 
Nematol. 17:184-188 
131 
Hayman, D.S. and G.E. Stovold, 1979. Spore populations and infectivity 
of vesicular-arbuscular mycorrhizal fungi in New South Wales. 
Aust. J. Bot. 27:227-233 
Hayman, D.S., 1982. The physiology of vesicular-arbuscular 
endomycorrhizal symbiosis. Can. J. Bot. 61:944-963 
Hazarika, R.L. and A.K. Phookan, 1995. Growth response of chilli 
(Capsicum annuum L.) to vesicular-arbuscular mycorrhizal 
infection with different levels of applied phosphorus in acid soil. In: 
Mycorrhizae: Biofertilizer for the future. (Eds. Adholeya, A. and S. 
Singh). Proc. 3'"'^  Nat. conf Myco. Tata Energy Research Institute 
Pub. pp 421-423 
Heald, CM., B.D. Bruton and R.M. Davis, 1989. Influence of Glomus 
intraradices and soil phosphorus on Meloidogyne incognita infecting 
Cucumis melo. J. Nematol. 21:69-73 
Heinmann, H. 1972. Control of nematode by feeding. Australian Plants 
52:366 
Howler, R.H., E. Siverding and S. Saif, 1987. Practical aspects of 
mycorrhizal technology in some tropical crops and pastures. Plant 
and Soil. 100:249-283 
Hughes, M., I.W. Martin and P.J. Breen, 1978. Mycorrhizal influence on 
the nutrition of strawberries. J. Amer. Sac Horti. Sci. 103:179-181 
Hussain, R., N. Ayub, M.A. Chaudary and A.G. Khan,1995. Incidence of 
vesicular-arbuscular mycorrhizae in hydroph)^es growing in and 
around Rawalpindi/Islamabad. Pak. J. Phytopathol. 7:98-103 
Hussey, R.S. and K.R. Barker, 1973. A comparison of methods of 
collecting inocula of meloidogyne spp, including a new technique. 
Plant Dis. Rept. 57: 1025-1028. 
Hussey, R.S. and R.W. Roncadori, 1978. Interaction of Pratylenchus 
brachyurus and Gigaspora margarita on cotton. J. Nematol. 10:16-
20 
132 
Hussey, R.S. and R.W. Roncadori, 1982. Vesicular-arbuscular 
mycorrhizae may limit nematode activity and improve plant growth. 
Plant Disease. 66:9-14 
Iqbal, J. and A. Gautam, 1995. Influence of Glomus mosseae on 
Meloidogyne incognita and growth of tomato Indian J. Plant patkol. 
13: 30-38. 
Iqbal, J . and I. Mahmood, 1999. Biocontrol of root-knot disease by 
arbuscular mycorrhizal fungus Glomus mosseae. Nat. Conf. Myco., 
Institute of Microbiology and biotechnology BakatuUa University, 
Bhopal and Mycorrhiza Network Asca, TERI, New Delhi 5-7 March, 
1999. (Abstract) p 6 1 . 
Jackson, M.L. 1973, Soil Analysis, Prentice Hall of India, New Delhi, 490. 
Jain, R.K. and C.L. Sethi ,1988 . Influence of endomycorrhizal fung 
Glomus fasciculatum and G epigaeus on penetration and 
development of Heterodera Cajani on cow pea. Indian J. Nematol. 
18: 89-93. 
Jain, R.K. and C.L. Sethi, 1989. Influence of endomycorrhizal fungi 
Glomus fasciculatum and G. epigaeus on penetration and 
development of Heterodera cajani on cowpea. Ind. J. Nematol. 
18:89-93 
Jain, R.K. and N. Hasan, 1988. Role of Vesicular arbuscular mycorrhizal 
(VAM) fungi and nematode activites in forage production Acta 
Botanica Indica 16: 84-88. 
Jain, R.K., C.L. Sethi^l987. Pathogenicity of Heterodera cajani on cow 
pea as influenced by the presence of VAM fungi Glomus 
fasciculatum or G. epigaeus. Indian J. Nematol. 17:165-170 
Jain, R.K., K. Dabur and D.C. Gupta , 1994. Assessment of avoidable 
losses in yield due to root-knot nematode (Meloidogyne spp.) in a 
few vegetable crops. Indian J. Nematol. 24:181-184 
Jaizeme-Vega, M.C., P. Tenoury, J. Pinochet and M. Jaumot, 1997. 
Interactions between the root-knot nematode Meloidogyne incognita 
and Glomus mosseae in banana. Plant and Soil. 196:27-35 
133 
Jakobsen, I., L.K. Abbott and A.D. Robson,1992. External hyphae of 
vesicular-arbuscular mycorrhizal fungi associated with Trifolium 
subterraneumL. New Phytol 120:371-379 
Janos, D.P. 1983. Tropical Mycorrhizas. In Tropical Rain Forest: Ecology 
and Management (Eds. Sutton, S.L. T.C. Whitmore and A.C. 
Chadwik). Blackwell Scientific Publications, Oxford, pp 327-245 
Jasper, P.A., A.D. Robsen and L.K. Abbott, 1979. Phosphorus and the 
formation of vesicuar-arbuscular mycorrhizas. Soil Bio. Biochem. 
11:501-505 
Jatala, P., 1986 Biological control of plant- parasitic nematodes Ann. Rev. 
phytopathol, 24, 453. 
Jensen, A. 1982. Influence of four vesicular-arbuscular mycorrhizal fungi 
on nutrients uptake and growth in barley (Hordeum vulgare). New 
Phytol. 90:45 
Jones, F.G.W. 1961. The potato root-eelworm Heterodera rostochiensis 
wool. Curr. Sci. 30:187 
Joshi, P.K. 1995. Prospects of groundnut improvement by VAM fungi on 
medium-black calcareous soils of Gujrat. In: Mycorrhizae: 
Biofertilizer for the future. (Eds. Adholeya, A. and S. Singh). Proc. 3^^ 
Nat. Conf. Myco. Tata Energy Research Institute Pub. pp 347-377 
Jothi, G. and R. Sundarababa, 2002. Nursery management of 
Meloidogyne incognita by Glomus mosseae in egg plant. Nematol. 
Medit. 30:153-154 
Jothi, G. and Rajeswari Sundamababu, 2000. Interaction of four Glomus 
spp. with Meloidogyne incognita on bringal (Solamum melongena L). 
IntemationallJoumal of Tropical plant Diseases. 189: 147-156. 
Kassab, A.S. 1995. The influence of concomitant populations of 
Meloidogyne incognita and VAM of their development and on the 
growth of Egyptian clover. Annals Agric. Sci. Cairo. 40:433-441 
Kassab, A.S. and A.H.Y. Taha, 1990. Aspects of the host-parasite 
relationships of nematode and sweet potato. 1: Population 
134 
djTiamics and interaction of Criconemella spp., Rotylenchulus 
reniformis, Tylenchorhynchus spp. and endomycorrhiza. Annals 
Agric. Sci. Cairo. 35:497-508 
Keel, C , C.H. Berling, C. Voisand, G. Kahr and G. Defago,1989. Iron 
sufficiency, a prerequisite for suppression of tobacco black root rot 
by Pseudomonas fluorescens strain CHAO under gnotobiotic 
conditions. Phytopathology 78: 584-589. 
Kehri, H.K. and S. Chandra, 1989. Mycorrhizal association in certain 
leguminous weeds. Sci. Letters Nat. Acad. Sci. India. 12:15 
Kehri, H.K. and S. Chandra, 1990. Mycorrhizal association in crops under 
sewage farming J . Ind. Bot. Soc. 69: 267. 
Kellam, M.K. and N.C. Schenck,1980. Interaction between mycorrhizal 
fungus and root-knot nematode on soybean. Phytopathol 70:293-
296 
Kendrick, B. and S. Berch, 1985. Mycorrhizae: Application in agriculture 
and forestry. In: Comprehensive Biotechnology vol. 4. (Ed. 
Robinson, C.W.) Pergamon Press, Oxford, pp 109-150 
Khalil, S., T.E. Loynachan and H.S. McNabb Jr.^ 1992. Colonization of 
soyabean by mycorrhizal fungi and spore populations in Iowa soils. 
Agronomy J. 84:832-836 
Khaliq, A. A. Muhammad, Z.A. Zakir and K. Muhammad ^1997. Effects of 
vesicular arbuscular mycorrhizal (VAM) inoculation and 
phosphorus application on maize (Zea mays L) Seedings, Sarhad J. 
Agric 13: 481-484. 
Khan M.R. and M.W. 1996. Interaction of Medoidogyne incognita and 
Coal-smoke pollutants on tomato. Nematropica 26: 1-10. 
Khan, A.G. 1975. The effect of vesicular-arbuscular mycorrhizal 
association on the growth of cereals. II. Effect on wheat growth. 
Ann. App. Biol. 80:27-36 
Khan, M.R. and M. Akram,2000. Effects of certain antagonistic fungi and 
rhizobacteria on wilt disease complex of tomato caused by 
135 
Meloidogyne incognita and Fusanium oxysporum f. sp. Lycopersici 
Nematologia Mediterranea 28: 139-144. 
Khan, M.R. and S.M. Khan, 2001; Biomanagement of Fusarium wilt of 
tomato by the soil application of certain phosphate-solubilizing 
micro-organism. International Journal of Pest Management 47: 
297-231. 
Khan, M.W. 1990. Biocontrol of plant nematodes in closer perspectie. In: 
Progress in plant nematology. (Eds. Saxena, S.K., M.W. Khan, A. 
Rashid and R.M. Khan). CBS Publishers and Distributors Pvt. Ltd. 
Delhi, India, pp. 367-382 
Khan, T.A. and S.T. Khan, 1995. Effect of NPK on disease complex of 
papaya caused by Meloidogyne incognita and Fusarium solani. 
Pakistan. J. i\remato/. 13:29-34 
Kim, C.K., D.M. Choe and H.T. M u n , 1989. Vesicular-arbuscular 
mycorrhizae in some plants (IV). Hanging-Gynnhaghot-Ji. Korean J. 
My col. 17:214-222 
Kinden, A.D. and M.F. Brown, 1975. Electronmicroscopy of vesicular 
arbuscular mycorrhizae of yellow poplar. II Intracellular hyphae 
and vesicles Can. J. Microbiol. 21: 1768. 
Kloepper, J . W. and M. N. Schroth, 1978. Plant growth promoting 
rhizobacteria on radishes. In: Station de Pathologic Vegetale et 
Phytobacteriologie (ed). Proceedings of the 4"^  international 
Conference on Plant Pathogenic Bacteria, I.N.R.A., Route de Saint-
Clement Beaucouze, Angers. Gillbert-Clarey, Tours, Volume II, 
pp.879-82 
Kloepper, J.W. and M.N. Scroth , 1981. Plant growth promoting 
rhizobacteria and plant growth under gnotobiotic conditions. 
Phytopathol. 71:642-644 
Kloepper, J.W., J . Leong., M. Teintze and M.N. Schroth, (1980b). 
Pseudomonas Siderophores: A mechanism explaining disease 
suppressive soils. Current Microbiology 4:317-320. 
136 
Kloepper, J.W., K.J. Hume, F.M. Scher, C. Singleton, B. Tipping, M. 
Lalibate, T. Frauley, C. Kutchaw, C, Simmonson, R. Lifschitz, I. 
Zaleska and L. Lee, 1988. Plant growth promoting rhizobacteria on 
ConoZa (rapeseed). Plant Dis. 72:42-46 
Kloepper, J.W., M.N. Scroth and T.D. Miller, 1980. Effects of rhizosphere 
colonization by plant growth promoting rhizobacteria on potato 
development and yield. Phytopathology. 70:1078-1082 
Kloepper, J.W.,- R. Lifshitz., and M.N. Schroth,(1988). Psendomonas 
inoculants to benefit plant production. ISI Atlas of Science: Animal 
and Plant Sciences 60-64. 
Koch, M., Z. Tanami, H. Bodani, S. Wininger and Y. Kaphlnik,1997. Field 
application of vesicular-arbuscular mycorrhizal fungi improved 
garlic yield in disinfected soil. Mycorrhiza. 7:47-50 
Koske, R.E. 1982. Evidence for a volatile attractant from plant roots 
affecting green tubes of a VA mycorrhizal fungus Trans. Br. Mycol. 
Soc. 79: 305-310. 
Krishna, K.R. and D.J. Bagyanaj,1982. Influence of vesicular Arbuscular 
mycorrhiza on growth and nutrition of Arachis .hypogaes Legume 
Res 5:18-22. 
Krishna, K.R. and D.T. Dart, 1984. Effect of mycorrhizal inoculation and 
soluble phosphorus fertilizer on growth and phosphorus uptake of 
pearl millet. Plant and Soil. 81:274-275 
Krishna, K.R., K.G. Shetty, P.J. Dart and J. Andrews, 1985. Genotype 
dependent variation in mycorrhizal colonization and response to 
inoculation of pearl millet Plant and Soil 86: 113-125. 
Kuhn, K.D., H.C. Weber, H.W. Dehne and N.A. Gworgwor, 1991. 
Distribution of vesicular-arbuscular mycorrhizal fungi on a fallow 
agriculture site. I. Dry habitat. Angewandte Botanik. 65:169-185 
Kuo, C.G. and R.S. Haung, 1982. Effect of vesicular-arbuscular 
mycorrhizae on the growth and yield of rice-stubble cultured 
soybeans. Plant and Soil. 64:325 
137 
Leisinger, T. and R. Margraff, 1979. Secondary metabolites of the 
fluorescent pseudomonads. Microbiological Review. 43:422-442 
Lifschitz, R., J.W. Kloepper, M. Kolzowshi, C. Simonson, J . Carlson, E.M. 
Tipping and I. Zaleska, 1987. Growth promotion of Canola 
(rapeseed) seedlings by a strain of Pseudomonas putida under 
gnotobiotic condtions. Can. J. Micrbiol. 33:390-395 
Lifschitz, R., M.T. Windham and R. Baker,1986. Mechanism of Biological 
Control of pre-emergence damping-off of pea by seed treatment 
with Trichoderma species. Phytopathology. 76:720-725 
Lindner, R.C. 1944. Rapid analytical methods for some of the more 
common inorganic constituents of plant tissue. Plant Physiol. 
19:76-89 
Lindermann, R.G. 1985. Microbial interaction in mycorrhizosphere. In: 
Proc. 6^^N. Am. Cong. On Mycorrhizae. (Ed. Molina, R.). pp 117-120 
Lingaraju, S. and B.K. Goswami,1993. Influence of a mycorrhizal fungus 
Glomus fasciculatum on the host-parasitic relationship of 
Rotylenchulus reniformis in cowpea. Indian J. Nematol. 23:137-141 
Lin-Xian G. and H.W. Yin ,1988. Effect of VAM inoculation on growth of 
several kinds of plants. In: Mycorrhizae for Green Asia. Proc. l^t 
Asian Con. Mycorrhizae (Eds. Mahadevan, A., N. Raman and K. 
Natarajan). University of Madras, Madras, pp 231-232 
Loper, J.E. 1988. Role of fluorescent siderophore production in biological 
control of Pythium ultimum by a Pseudom.onas fluorescens strain. 
Phytopathology 78, 166-172. 
Luis, E.M. and M.B. Brown, 1986. Field evaluation of two VAM on rice in 
an acid upland condition. 17^ Ann. Conf. PCPP, Phillipines. 
Macgado, J.O., I.B. de-Aguir, D.A. Banzotto, S.V. Valeri, R. Miranda and 
E, F. da-Silva, 1988. Effects of inoculations of endomycorrhizal 
fungi on the development of Eucalyptus citriodora seedlings in 
various substrates. Brasil Florestal. 15:25-31 
138 
Mac-Guidwin, A.E., G.W. Bird, and G.R. Safir, 1985. Influence of Glomus 
fasciculatum on Meloidogyne hapla infecting Allium cepa. J. 
Nematol. 17:389-395 
Manjunath, A. and D.J. Bagyaraj , 1984. Response of pigeonpea and 
cowpea to phosphate and dual inoculation with vesicular-
arbuscular mycorrhiza and Rhizobium. Tropical Agric. 61:48-52 
Marek-Kozaczuk, M. and A. Skorupska,2001. Production of B -group 
vitamins by plant growth promoting Psendom.onas fluorescens 
strain 267 and the importance of vitamins in the colonization and 
nodulation of red clover. Biology and Fertility of soils, 33: 146-151. 
Marx, D.H. 1973. Mycorrhizae and feeder root diseases. In 
Ectomycorrhizae (G.C. Makes and T.T. Kozlowski, eds). Academic 
Press, New York, pp 351-382. 
Menge, J.A., D Steirle, D.J. Bagyaraj, E.L.V. Johnson and R.T. Leonard 
1978. Phosphorus concentration in plants responsible for 
inhibition of mycorrhizal infection. New Phytol. 80:575-578 
Menge, J.A., S. Nemec, R.M. Davis and V. Minassain, 1977. Mycorrhizal 
fungi associated with citrus and their possible interactions with 
pathogens. Proc. Inter. Soc. Citricult. 3:872 
Mengel, K. and E.A. Kirkby, 1979. Principles of Plant Nutrition. 
International Potash Institute, Bern, Switzerland. 
Merriman, P.R., R.D. Price, F. Kollmorgen, T. Pigogot and E.H. Ridge, 
1974. Effect of seed inoculation with Bacillus subtilis and 
Streptomyces griseus on the growth of cereals and carrot. 
Australian Journal of Agric. Res. 25:219 
Meyer, J.R. and R.G. Lindermann,1986. Selective influence on population 
of rhizosphere actinomycetes or rhizosphere bacteria by mycorrhiza 
formed by Glomus fasciculatum. Soil Biol. Biochem. 18:191 
Miller, R.M., B.A.D. Hetrick and G.W.T. Wilson, 1997. Mycorrhizal fungi 
affect root stele tissue in grasses. Can. J. Bot. 75:1778-1784 
139 
Miller, T.C., S. Rajapakse Jr . and R.K. Garber, 1986. Vesicular-
arbuscular mycorrhizae in vegetable crops. Hort. Sci. 27:974 
Mishra, A and B. N. Shukla^ 1997. Interaction between Glomus 
fasciculatum and Meloidogyne incognita on tomato. J. My col. 
Plant Pathol. 27: 199-202 
Mishra, A. 1996. Interaction of Glomus fasciculatum. Meloidogyne 
incognita and herbicide in tomato. J. Res. Birra Agri. Univ. 8: 25-
31. 
Mishra, D.S. and A.P. Sinha,2000. Plant growth promoting activity of 
some fungal and bacterial agents on rice seed germination and 
seedling growth. Tropical Agriculture 77:188-191. 
Mohandas, S. 1995. Utilization of vesicular-arbuscular mycorrhizal fungi 
in babana cultivation. In: Mycorrhizae: Biofertilizer for the future. 
(Eds. Adholeya, A. and S. Singh). Proc. 3^ Nat. Conf Myco. Tata 
energy Research Institute Pub. pp 441-444 
Mohankumar, V., S. Ragupathy, C.B. Nirmala and A. Mahadevan, 1988. 
distribution of vesicular-arbuscular mycorrhizae (VAM) in the 
sandy beach soils of Madras Coast. Curr. Sci. 57:367-368 
Morton, J.B. and G.L. Benny, 1990. Revised classification of arbuscular 
mycorrhizal fungi (Zygomycetes): a new order, Glomales, two new 
sub-orders, Glomineae and Gigasporineae with an emendation of 
Glomaceae. Mycotaxon. 37:471-491 
Mosse, B. 1973. Advances in t±ie study of vesicular-arbuscular 
mycorrhiza. Ann. Rev. Phytopathol. 17:171 
Mosse, B. 1975. Specifity of VA mycorrhizas. In: Endomycorrhizas. (Eds. 
Sanders, F.E., B. Mosse and P.B. Tinker). Academic Press, London 
and New York, pp 469-484 
Mosse, B. 1977. The role cf mycorrhiza in legume nutrition on marginal 
soils. In: Exploiting the legume-i?hizobium s)rmbiosis. In: Tropical 
Agriculture (Ed. Vincent, J.M.). pp 275-292 
140 
Mosse, B. 1981. Vesicular-abbuscular mycorrhiza research for tropical 
agriculture. Research Bulletin. Hawaii Institute Of Tropical 
Agricultural and Human Resources, pp 82 
Mosse, B. 1986. Mycorrhiza in a sustainable agriculture. Biol. Agric. Hort. 
3:143-152 
B. 1991. Vesicular-arbuscular mycorrhiza research for tropical 
agiculture. Research Bulletin. Hawaii Institute of TYopical 
Agricultural and Human Resources, pp 82 
Mosse, B. and G.D. Bowen, 1968. The distribution of Endogone spores in 
some Australian and New Zealand soils and in the experimental 
field soil at Rothamsted. Trans. Br. Mycol. Soc. 51:485-492 
Mosse, B., D.P. Stribley and F. Le Tacon» 1981. Ecology of mycorrhizae 
and mycorrhiza! fungi. In: Advances in Microbial Ecology, VOL. 5 
(Ed. Alexander, M.). Plenum Press, New York, pp 137-209 
Mosse, B., D.S. Hayaman and D.J. Arnold, 1973. Plant growth responses 
to vesicular arbuscular mycorrhizae. V. Phosphate Uptake by 
These plant species from deficient soils labelled with 32p. New 
Phytol; 72:809-815. 
Muhamimad, Z. and F. Hussain,1995. Effect of light on the development 
of vesicular-arbuscular mycorrhizal (VAM) association in Saluia 
hispanica L. Sarhad J. Agric. 11:527-533 
Mukeiji, K.G. and R.K. Dixon, 1992. Mycorrhizae in Re-forestation. In: 
Rehubitation of Tropical Rainforest Ecosystem Research and 
Development Priorities. (Eds. Majid, N.M., A.A. Malik, Md. Z. 
Hamzah Ab and K. Jussoff). Salangar, Malaysia. University 
Pertanigin Malaysia, pp 62-82 
Mukheiji, K.G. 1995. Taxonomy of Endomycorrhizal fungi. In: Advances 
in Botany. (Eds. Mukherji, K.G., Binny Mathur, B.P. Chamola and 
P. Chitralekha). APH Publishing Corporation, New Delhi, India, pp 
212-218 
Munns, D.N. and B. Mosse, 1980. Mineral ntrition of legume crops. In: 
Advances in legume Science. (Eds. Summerfield, R.J. and A.H. 
Bunting). University of Reading, England, pp 115 
141 
Muthukumar, T., K. Udaiyan and S. Manian,1996. Vesicular-arbuscular 
mycorrhizae in tropical sedges of southern India. Biology and 
Fertility of Soils. 22:96-100 
Nadian, H. S.E., Smith, A.M. Alston and R.S. Murry,1997. Effects of soil 
compaction on plant growth phosphorus uptake and morphological 
characteristic of vesicular arbuscular mycorlizal colonization of 
Trifolium subterraneum New Phytol. 135: 303-311. 
Nadian, H., S.E. Smith, A.M. Alston and R.S. Murray,1996. The effect of 
soil compaction on growth and P uptake by Trifolium subterraneum 
interaction with mycorrhizal colonization Plant and soil 182: 39-49. 
Nagesh, M and P.P Reddy, 1997. Management of Meloidogyne incognita on 
Crossandra undulaefolia using vesicular arbuscular mycorrhiza 
Glomus mosseae, and oil cakes Myccrohiza News, 90: 12-14. 
Nandakumar, R., S. Babu., R. Visnanthan. T. Raguchanden and R. 
Samiyappan,2001. Inductiom of systemic resistance in rice against 
sheath blight disease by Pseudomonas. Fluorescens. Soil Biology 
and Biochemistry 33:603-612. 
Nelsen, C.E. and Safir, G.R. 1982. The water relations of well-watered 
mycorrhizal and non-mycorrhizal onion plants J. Amer. Soc. Hort. 
Scie., 107: 271-274. 
Nelson, D.W., L.E. Sommers, 1972. A simple digestion procedure for 
extimation of total nitrogen in soils and sediments. J. Environ. 
Quality. 1:139-145 
OBannon, J .J . and S. Nemec^l979. The response of citrus lemon 
seedlings to a symbiont, Glomus etunicatus and a pathogen, 
Radopholus similis. J. Nemtol. 11:270-275 
CBannon, J.J., R.N. Inserra, S. Nemec and N. Vovlas,1979. The 
influence of Glomus mosseae on Tylenchulus semipenetrans 
infected and uninfected citrus lemon seedling. J. Nematol. 11:247-
250 
142 
Ocampo, J.A., J . Martin and D.S. Hayman, 1980. Influence of plant 
interactions on vesicular arbuscular mycorrhizal infections. 1. Host 
and non-host plants grown together. New Phytol. 84:27-35 
Oliveira, A.A.R. and L. Zambolim, 1988. Influence of different inoculum 
levels on the interaction between Glomus etunicatum and 
Meloidogyne javanica on bean. Pesquisa Agropecuria Brasiliera. 
23:371-378 
Oliviera, A.A.R. and L. Zambolim, 1986. Interaction between the 
endomycrrhizal fungus Glomus etunicatum and the gall nematode 
Meloidogyne javanica at different phosphorus levels on bean 
(Pkaseolus vulgaris). Fitopathologia Brasileria 11:216-217 
Onkarayya, H. and M. Sukhada, 1993. Studies on dependency of citrus 
root stocks to VAM inoculation in Alfisol soils. Advan. Horti. 
Forestry. 3:81-91 
Osman, H.A., A.M. Korayem, H.H. Ameen and S.M.S. Badr-Eldin, 1990. 
Interaction of root-knot nematode and mycorrhizal fungi on 
common bean Phaseolus imlgaris L. Anzeiger fur Schadlingskunde, 
Pflazenschutz Umweltschutz. 63:129-131 
Ostendorf, M. and Sikora, R.A. (1989) Seed treatment with antagonistic 
rhizobacteria for the suppression of Heterodera schachtii early root 
infection of sugar beet. Revue de Nematologie 12, 77-83. 
Oteifa, S.A. 1953. Development of root-knot nematode Meloidogyne 
incognita, as affected by potassium nutrition of the host. 
Phytopathol. 43: 171-174. 
Owusu Bennoah, E. and B. Mosse,1979. Plants growth responses to 
vesicular-arbuscular mycorrhiza XI. Field inoculation responses in 
barley, lucerne and onion. New Phytol. 83:671 
Padmavathi, T., J . Veeraswamy and K. Venkateshwaralu ,1991. The 
distribution abundance and mycorrhizal association in foxtail-
millet field. J. Indian Bot. Soc. 70:193-195 
Pal, K.K., K.V.B.R. Tilak, A.K. Saxena, R.Dey and C.S. Singh, 2001. 
Suppression of maize root diseases caused by Macrophomina 
143 
phaseolina, Fusarium moniliforme and Fusarium graminearum by 
plant growth promoting rhizobacteria. Microbiology Research 156. 
209-223. 
Palacino, J.H. and C.J. Leguizamon, 1991. Interaction of Glomus 
manihotis and Melodogyne incognita on yellow and red pitaya under 
nursery conditions. Fitopatologia Columbiana. 15:9-17 
Palleroni, N. J., R. Kunisawa, R. Contopoulou and M, Doudoroff,1973. 
Nucleic acid- homologies in the genus . Int J Syst Bacterial 23:333-
339 
Parke, J.L. and R.G. Lindermann, 1980. Association of vesicular-
arbuscular mycorrhizal fungi with the moss Funaria hygrometrica. 
Can. J. Bot. 58:1898-1904 
Payal-Mago, K.G. Mukerji and P. Mage, 1994. Vesicul£u--arbuscular 
mycorrhizae in Lamiaceae. 1. Seasonal variation in some members. 
Phytomorphology. 44:83-88 
Peng, S.B. and C.Y. Shen,1990. The occurrence and distribution of VA 
mycorrhizal fungi (Endogonaceae) in China. Acta Agriculturae 
Universitatis Pekinensis. 16:423-428 
Phillips, J.M. and D.S. Ha>Tnan,1970. Improved procedures for clearing 
roots and obtaining parasitic and vesicular-arbuscular mycorrhizal 
fungi for rapid assessment of infection. Trans. Brit. Myc. Soc. 
55:158-161 
Plenchette, C , V. Furlan and J.A. Fortin,1981. Growth and stimulation 
of apple trees in unsterilized soil under field conditions with VAM 
inoculation. Can. J. Bot. 59:2003-2008 
Porter, W.M. 1979. The 'most probable number' method for enumerating 
infective propagules of vesicular-arbuscular mycorrhizal fungi in 
soil. Aust. J. Soil Res. 17:515-519 
Porter, W.M., L.K. Abbott and A.D. Robson^ 1978. Effect of rate of 
application of superphosphate on populations of vesicular 
arbuscular endophytes. Aust. J. Soil Res. 17: 515-519. 
144 
Posta, K. and G. Fuleky ,1997. Growth and phosphorus nutrition of 
mycorrhizal maize plants at different soil volumes and phosphorus 
supplies. Acta Agronomica Hungarica. 45:133-145 
Powell, C. 1976. Development of mycorrhizal infections from Endogone 
spores infected root segments. Trans. Br. Mycol. Soc. 66:439-445 
Powell, C.L. 1975. Potassium uptake by endotrophic mycorrhizae. In: 
Endomycorrhizas. (Eds. Sanders, F.E., B. Mosse and P.B. Tinker). 
Academic Press, London. Pp 461-468 
Powell, C.L. and D.J. Bagyaraj,1982. VA-mycorrhizal inoculation of field 
crops. Proc. N.Z. Agron. Soc. 12:85 
Powell, C.L., 1982. Effect of kale and mustard crops on response of white 
clover to VA mycorrhizal inoculation in pot trial. New Zealand J. 
Agric. Res. 25:461-464 
Powell, C.L., M. Groters and D.M. Metcalfe, 1980. Mycorrhizal inoculation 
of a barley crop in the field. N.Z. J. Agric. Res. 23:107 
Powell, N.T., 1979. International synergism among organisms inducing 
diseases. In: Plant Disease- An Advanced Treatise (Eds. Horsfall, 
J.G. and E.B. Cowling), Academic Press, New York. IV:113 
Price, N.S., R.S. Hussey and R.W. Roncadori, 1989. Tolerance of cotton to 
Meloidogyne incognita as influenced by phosphorus fertilizer and a 
vesicular-arbuscular mycorrhizal fungus. Annals Applied Biol. 
115:461-467 
Price, N.S., R.W. Roncadori and R.S. Hussey^ 1995. The growth of 
nematode tolerant and intolerant soybeans as affected by 
phosphorus. Glomus intraradices and light. Plant Pathol. 44:597-
603 
Ragupathy, S. and A. Mahadevan , 1993. Distribution of vesicular-
arbuscular mycorrhizae in the plants and rhizosphere soils of the 
tropical plants. Tamil Nadu, India. Mycorrhiza. 3:123-136 
145 
Rajeshwari Sundarababu, M. P. Mani and P. Arulraj»2001, Management 
of Meloidogyne incognita in chilli nursery with Glomus mosseae. 
Annals of plant protection Sciences. 9, No. 1: 161-162. 
Raju, P.S., R.B. Clark, J.R. Ellis, R.R. Duncan and J.W. Maranville,1990. 
Benefit and cost analysis and phosphorus efficiency of VA-
mycorrhizal fungi colonizations with sorghum (Sorguum bicolor) 
genotype grown at varied phosphoi"us levels. In: Plant Nutrition 
Physiology and Application. (Eds. Busichem, M.L. Van). Proceedings 
of the 11*^ 1 International Plant Nutrition Colloquium, Wagening, 
Netherlands, Dodrecht, Netherlands. Kunver Academic Publishers. 
Pp 165-170 
Rakesh Pandey, Kalra, A., Singh, H.N., M. L. Gupta, H. B. Singh, and S. 
Kumar, 2000. Suppressive response of a bioagent, organic material 
and pesticide on population development of Meloidogyne incognita 
on Matricaria Chamomille. Journal of Medicinal and Aromatic Plant 
Sciences 22: 649-651. 
Ramraj, B. and N. Shanmugam, 1990. Effect of vesicular-arbuscular 
mycorrhizal inoculation on cowpea: A field study. In: Mycorrhizal 
Symbiosos and Plant Growth (Eds. Bagyaraj, D.D. and A. 
Manjunath) Mycorrhiza Network Asia and Univeristy of Agricultural 
Sciences, Bangalore Pub. Pp 84-85 
Rangaswami, G., 1990. Mycorrhiza- The beneficial fungal plant 
association. In: Mycorrhizal Symbiosis and Plant Growth (Eds. 
Bagyaraj, D.D. and A. Manjunath) Mycorrhiza Network Asia and 
Univeristy of Agricultural Sciences, Bangalore Pub. pp 1-37 
Rani, R. and K.G. Mukerji ,1988. Taxonomy of Indian vesicular-
arbuscular mycorrhizal fungus. In: Mycorrhiza for Green Asia (Eds. 
A. Mahadevan, N. Raman and N. Natarajan). Alamu Printing 
Works, Roypettah, Madras, India, pp 103-105 
Rani, S.J. and C. Manoharachary,1994. Occurrence and distribution of 
VAM fungi associated with safflower. Indian Phytopathol. 47:263-
265 
Rao, M.S., P. P Reddy and M. Nagesh,2000. Management of Meloidogyne 
incognita on tomato by integrating Glomus mosseae with Pasteuria 
146 
penetrans under field conditions. Pest management in Horticultural 
Ecosystems 6: 130-134. 
Rao, M.S., P. Paratha Reddy, S. Das and R. P. Tewari,1992. Management 
strategies involving the efficient use of certain botanicals against 
root-knot nematodes and mushroom nematodes.I. Afro Asian 
Nematology symposium, Aligarh, India, pp 26 
Rao, Y.S.G., C.K. Suresh, N.S. Suresh, R.R. Malikarjunaiah and D.J. 
Bagyaraj, 1989. Vesicular-arbuscular mycorrhizae in medicinal 
plants. Indian Phytopathol 42:476-478 
Ratti, N., Abdul-Khaliq; Shukla, P.K., Akthar Haseb and K.K. 
J a n a r d h a n a , 2000. Effect of Glomus mosseae (Nicol and Gerd.) 
Gerdemann and Trappe on root-knot disease of menthol mint 
(Mentha arvensis sub sp. Haplocalyx Briquet) caused by 
Meloidogyne incognita (Kofoid and white) chitwood. Journal of 
spices and Aromatic crops 9: No.2, 129-132. 
Raverkar, K.P. and K.V.B.R. Tilak,1988. Relative efficiency of different 
VAM on soybean {Glycine majdj under varying levels of phosphorus. 
In: Mycorrhizae for Green Asia. Proc. First Asian Con. Mycorrhizae 
(Eds. Mahadevan, A., N. Ranjan and K. Natarajan). University of 
Madras, Madras, pp 162-165 
Reddy, B. and D.J. Bagyaraj ,1990. Response of pigeonpea to vesicular-
arbuscular mycorrhizal colonization in an alfisol. In: Mycorrhizal 
Symbiosis and Plant Growth. (Eds. Bagyaraj, D.J. and A. 
Manjunath). Mycorrhiza Network Asia and University of 
Agricultural Sciences, Bangalore Pub. pp 64-66 
Reddy, D.D.R. 1985. Analysis of Crop losses in tomato due to 
Meloidogyne incognita Indian J. Nematol 15: 55-59. 
Reddy, P.P., M. Nagesh, V. Divappa and M.V V. Kumar, 1998. 
Management of Meloidogyne incognita on tomato by integrating 
endomycorrhiza. Glomus mosseae with oil cakes under nursery 
and field conditions, Zeitschrift fur Pflanzenkrankheiten and 
Pflanzenschutz. 105 No.l: 53-57. 
147 
Redhead, J.F., 1977. Endotrophic mycorrhizas in Nigeria: Species of the 
Endogonaceae and their distribution. Trans. Br. My col. Soc. 69:275-
280 
Reyes-Solis, M.G. and R. Ferrera-Cerrato,1992. Symbiotic relationships 
of vesicular-arbuscular mycorrhizae and the shrub and herbaceous 
strata of Zoquiapan forest, Mexico. Revista Latinoamericana de 
Microbiologia. 34:305-312 
Rhodes, L.H. and J.W. Gerdemann,1978. Translocation of calcium and 
phosphate by external hyphae of vesicular-arbuscular mycorrhizae. 
SoilSd. 126:125-126 
Rhodes, L.M. and J.W. Gerdemann, 1975. Phosphate uptake zones of 
mycorrihzal and non-mycorrhizal onions. New Phytol. 75:551-561 
Rich, J.R. and G.W. Bird, 1974. Association of early season VAM with 
increased growth and development of cotton. Phytopathol. 64:1421-
1425 
Ricker, A.J. and R.S. Ricker, 1936. Introduction of Research on Plant 
Diseases. John's Swift St. Louis Chicago. 177 PP 
Rodriguez-Kabana, R., R.A. Shelby., P.D.S. King and M.K. Pope, 1982. 
Combination of anhydrous ammonia and 1,3 dichloropropenes for 
control of root-knot nematodes in soyabean Nematropica 12: 61-
68. 
Rodriguez-Kabana, R.,P.S.King and M.H. Pope, 1981. Combination of 
anhydrous ammonia and ethylene dibromide for control of 
nematode dibromide for control of nematode parasitic on soybeans. 
Nematropica. 11:27-41 
Roncadori, R.W. and R.S. Hussey,1977. Interaction of endomycorrhizal 
fungus Gigaspora margarita and root-knot nematode on cotton. 
Phytopathol. 67:1507-1511 
Ross, J.P. 1959. Nitrogen fertilization on the soyabean infected with 
Heterodera glycines Plant Dis. Reptr. 43: 1284-1286. 
148 
Ross, J.P. 1970. Effect of phosphate fertilization on yield of mycorrhiz^ 
and non-mycorrhizal soybeans. Phytopathol. 61:1400-1403 
Rovira, A.D. 1957 Interaction between plant roots and soil micro-
organisms. Annu. Rev. Microbiol, 19: 241-266. 
Rovira, A.D. and G.D. Bowen,1966. The effects of micro-organisms upon 
plant growth. II Detoxication of heat sterilized soils by fungi and 
bacteria. PI. Soil, 25: 129-142. 
Safir, G. 1968. The influence of Vesicular-arbuscular mycorrhiza on the 
resistance of onion to Pyrenochaeta terrestris M.S. Thesis, Univ. 
Illinois. Urbana. pp. 36. 
Safir, G.R., J .J . Boyer and J.W. Gerdemann , 1971. Mycorrhizal 
enhancement of water transport on soybean. Science. 172:581 
Safir, G.R., J . J . Boyer and J.W. Gerdemann, 1972. Nutrient s tatus and 
mycorrhizal enhancement of water transport on soybean. Plant 
Physiol. 49:700 
Saif, S.R. 1986. Vesicular-arbuscular mycorrhizae in tropical forage 
species as influenced by season, soil texture, fertilizers, host 
species andecotypes. Angew. Botanik. 60:125-139 
Saleh, H. and R.A. Sikora, 1984. Relationship between Glomus 
fasciculatum root colonization of cotton {Gossypium hirsutum 
cultivar coker 201) and its effect on Meloidogyne incognita. 
Nematologica. 30:230-237 
Sander, F.E. and P.B. Tinker, 1973. Phosphate flow into mycorrhhizal 
roots. Pestic. Sci. 4:385-395 
Sankaranarayanan, C and Rajeshwari Sundarababu,2001. Influence of 
moisture and pH on the efficiency of VA-mycorrhiza, Glomus 
mosseae and Trappe against Meloidogyne incognita (Kofoid and 
white) chitw. On blackgram (Vigna mungo L.) Hepper journal of 
biological Control 15: 69-72. 
149 
Sankaranarayanan, C. and R. Sundarababu,1994. Interaction of Glomus 
fasciculatum witJi Meloidogyne incognita inoculated at different 
timings on blackgram (Vigna mungo). Nematol. Medit. 22:35-36 
Sanni, S.O. 1976. VA-mycorrhizae in some Nigerian soil. The effect of 
Gigaspore gigantea on the growth of rice. New phytol 77: 673. 
Santhi, A. and R. Sundarababu, 1995(a). Effect of three species of VAM 
viz. Glomus fasciculatum, G. versiforme, G. etunicatum and root-
icnot nematode Meloidogyne incognita on cowpea growing in 
different types of soil. Inter J. Trop. Plant Disi. 13:63-68 
Santhi, A. and R. Sundarababu, 1995(b). Effect of phosphorus on the 
interaction of vesicular-arbuscular mycorrhizal fungi with 
Meloidogyne incognita on cowpea. Nematol. Medit. 23:263-265 
Sasser J.N. 1972. Nematode disease of cotton. In: Economic nematology. 
(Ed Webster, T.M.). Academic Press, New York pp. 187-214. 
Sasser, J . N. 1980. Root-knot nematodes, A global menace to crop 
production. Plant Dis. 64: 36-41. 
Sasser, J.N. and C.C. Carter, 1982. Over View of the international 
Meloidogyne project retionale goals, implementation and progress to 
date In: Proceedings IMP Research planning conference on Root-knot 
Nem.atodes Meloidogyne spp. (Region III), Brazil pp. 3-13. 
Sasser, J.N., 1989. Plant Parasitic Nematodes: The farmer's hidden 
enemy. A co-operative publication of the Department of Plant 
Pathology and the consortium for international crop production. Pp 
115 
Sayre, R.M. 1980, Biocontrol : Bacillus penetrans and related peirasites 
of nematodes, J. Nematol 12: 260-270. 
Scheltema, M.A., L.K. Abott, A.D. Robson and G. De' Ath,1985. The 
spread of Glomus fasciculatum through roots of Triolium 
subterraneum. and Lolium. rigidum. New Phytol. 100:105-114 
150 
Schenck, N.C. and M.K. Kellam, 1978. The influence of vesicular-
arbuscular mycorrhiza on disease development. Fla. Agric. Exp. 
Stn. Tech. Bull. 798, Gainesville, FL. pp 798 
Schenck, N.C. and R.A. Kinloch , 1974. Pathogenic fungi, Parasitic 
nematodes and endomycorrhizal fungi associated with soybean 
roots in Florida. Plant Dis. Reptr. 58:169-173 
Schenck, N.C. and V. Perez, 1987. Manual for the identification of VA 
mycorrhizal fungi. Florida University, Gainesville, USA. pp 245 
Schenck, N.C, 1985. Vesicular-arbuscular mycorrhizal fungi: 1950 to 
the present- The era of enlightenment. In: Proc. 6^ North Amer. 
Conf. Mycor. (ED. Randymolina). U.S. Forest res. Lab., Gorvallis, 
OR. Pp 56-60 
Schippers, B- 1988. Biological control of pathogens with rhizobacteria. 
Philosophical Transactions of the Royal society of London, series B, 
318: 238-293. 
Schippers, B., A.W., Bakker, P.A.H.M., Baker P.J. Veisbeek, and B. 
Lugtenberg. Plant growth-inhibiting and stimulating rhizosphere 
microorganisms. 1986 In Microbial Communities in soil (V. 
Jensen, A. Kjoller, and L.H. Sorensen, eds.), Elsevier Applied 
Science Publishers, London 
Schmidt, S.K. and K.M. Scow, 1986. Mycorrhizal fungi on the Galapagos 
Islands. Biotropica. 18:236-240 
Schroth, M.N. and J.G. Honcock, 1981. Selected topics in biological 
control. Ann. Rev. Microbiol. 35:453-476 
Schwab, S.M., J.A. Menge and R.T. Leonard, 1983. Comparison of stages 
of vesicular-arbuscular mycorrhiza formation in sudangrass grown 
at two levels of phosphorus nutrition. American J. Bot. 70:1225-
1232 
Selvaraj, T., C. Kala, I. Vendan and C. Baskaran, 1995. Influence of 
different inocula of vesicular-arbuscular mycorrhizal fungi on 
growth, organic compounds and nutrition of Physalis minima L. 
Acta Botanica Indica. 23:99-103 
151 
Selvaraj, T., K. Kannan and C. Lakshminarashimhanjl986. Vesicular-
arbuscular mycorrhizal fungi in root and scale-like of Carina indica 
L. (Cannaceae). Curr. Sci. 55:728-730 
Shabaev, V.P. and Y.V. Smolin, 1999. Rape yield and nutrient uptake 
when seeds are inoculated by the rhizosphere bacterium 
Pseudomonas fluorescens 20 in relation to the nitrogen rates 
applied. Agrokhimiya. 5:67-73 
Shabaev, V.P., O.S. Safrina and V.A. Mudrik, 1998. Effects of the 
rhizosphere bacterium Pseudomonas fluorescens 20 and the 
endomycorrhizal fungus Glomus mosseae on the yield and growth 
of the radish, as a function of mineral nutrition. Agrokhimiya. 6:34-
41 
Shanthi, A., Rajeshwari Sundanababu and C.V. Sivakumar,1998. Soil 
appliction of Pseudomonas fluorescens (Migula) for the control of 
root-knot nematode {Meloidogyne incognita) on grapevine (Vitis 
vinifera Linn) Proceedings of the third Intenational Symposium of 
Afro-Asian. Society of Nematologists (TISSAASN) Sugarcane 
Breeding Institute (ICAR), Coimbatore, India pp. 203-206. 
Sharma P.D. 1998. Environment friendly biocide strategy for crop 
protection In: Trends in Microbial Exploitation (Ed Rai B., 
Upadhyay R.S. Dubey N.K.). International Society for Conservation 
of Natural Resources Department of Botany, Banaras Hindu 
University, Varanasi, India pp. 134-138. 
Sharma, G.C. and M.L. Khan, 1995. Efficacy of different chemicals 
against root-knot nematode (Meloidogyne incognita) infecting 
tomato in vivo. Ann. Agric. Res. 16: 351-353. 
Sharma, S.D. and V.P. Bhutani , 1995. Response to mycorrhizal 
inoculation and P-fertilization of apple seedlings. In: Mycorrhizae: 
Biofertilizer for the future. (Eds. Adholeya, A. and S. Singh). Proc. 3<-d 
Nat. Conf. Myco. Tata Energy Research Institute Pub. pp 303-310 
152 
Shnyreva, A.V. and I.S. Kulaev, 1994. Effect of vesicular-arbuscular 
mycorrhiza on phosphorus metabolism in agricultural plants. 
Microbiol. Res. 149:139-143 
Siddiqui, LA. and S.S. Shaukat,2003. Plant Species, host age and host 
genotype effects on Meloidogyne incognita biocontrol by 
Pseudomonas fluorescnece strain CHAO and its genetically 
modified derivatives Journal of phytopaihology 151: 231-238. 
Siddiqui, Z.A. and I Mahmood, 1996. Biological Control of Plant parasitic 
nematodes by fungi: A Review Bioresource Technology 58: 229-239. 
Siddiqui, Z.A. and I Mahmood, 1998. Role of Bacteria in the management 
of plant parasitic nematodes: A Review Bioresource Technology 69: 
167-179. 
Siddiqui, Z.A. and I. Mahmood, 1998. Effect of a plant growth promoting 
bacterium, an AM fungus and soil types on the morphometries and 
reproduction of Meloidogyne javanica on tomato. Appl Soil Ek:ol: 8: 
77-84. 
Siddiqui, Z.A. and Irshad Mahmood»2003. Effects of plant straws and 
plants growth promoting bacteria on the reproduction of 
Meloidogyne incognita and growth of tomato Biological Agriculture 
and Horticulture 21: 53-62. 
Siddiqui, Z.A., A. Iqbal and I. Mahmood, 2001. Effect of Pseudomonas 
fluorescens and fertilizers on the reproduction of Meloidoygne 
incognita and growth of tomato Applied Soil Ecology. 16:179-185 
Siddiqui, Z.A., Arshid Iqbal and Irshad Mahmood, (2001). Effect of 
Pseudomonas fluorescence and fertilizers on the reproduction of 
Meloidogyne incognita and growth of tomato. Applied soil Ecology, 
16: 179-185. 
Siddiqui, Z.A., I. Mahmood, Shamsul Hayat, 1998. Biocontrol of 
Heterodera cajani and Fvsarium udum. on piegonpea using Glomus 
mosseae, Paeciliomyces lilacinus and Pseudomonas fluorescens. 
Thai. J. Agric. Sci. 31:310-321 
153 
Siddiqui,I.A., S.S. Shaukat and M. Hamid ,2003 . Suppression of 
Meloidogyne incognita by Pseudomonas fluorescence Strain CHAO 
and its genetically modified derivatives: I. The influence of oxygen. 
Nematologia Mediterranea 31: 105-109. 
Sikora, R.A. and F. Schoenbeck,1975. Effect of arbuscular mycorrhiza 
[Endogone mosseae) on the population dynamics of the root-knot 
nematode (Meloidogyne incognita and M. hapla). o^-^ Inter national 
Congress Plant Protec. 5:158-166 
Sikora, R.A. and K. Sitaramaiah, 1995. Antagonistic effects of the 
endomycorrhizal fungus, Glomus fasciculatum on Rotylenchulus 
reniformis penetration and population development on cotton. 
Indian J. Nematol. 25:60-65 
Sikora, R.A., 1978. Einfluss der endotrophen mycorrhiza (Glomus 
mosseae) auf das wirt-parasit-verhaltnis Von Meloidogyne incognita 
in tomaten. Zeitschrift fur Pflazenkrankheitenund Pflazenschutz. 
85:197-202 
Sikora, R.A., 1979. Predisposition to Meloidogyne infection by the 
endotropic mycorrhizal fungus Glomus mosseae. In: Root-knot 
nematode (Meloidogyne species) Systamatics, biologia and control. 
(Eds. Lamberti, F. and C D . Taylor). New York Academic Press, pp 
399-404 
Singh, H.P., 1994. Response to inoculation v^ i^th Bradyrhizobium, 
vesicular-arbuscular mycorrhiza and phosphate solubilizing 
microbes on soybean in a Mollisol. Indian J. Microbiol. 34:27-31 
Singh, K. and A.K. Verma, 1987. Mycorrhizal fungi stimulate legume 
growth and nodulation in dry and semi-arid soils. 1. Effect of dual 
inoculation of Rhizobium and VA mycorrhizal spores on a tropical 
legume bengal gram (Cicer arietinum L.). In: Mycorrhiza Round 
Table, Eds. A.K. Verma et al, IDRC Pub., Ottawa, pp 356-371 
Singh, M. and K.V.B.R. Tilak, 1990. Response of different cultivars of 
sorghum (Sorghum vulgare) to inoculation with Glomus versiformae. 
In: Proc. Nat. Conf Myco. Haryana Agricultural University, Hissar. 
pp 70-72 
154 
Singh, R.S. and K. Sitaramaiah,1967. Effect of decomposing green leaves, 
sawdust and urea on the incidence of root-knot of okra and tomato 
Indian phytopathol. 20: 349-35. 
Singh, R.S. and K. Sitaramaiah > 1994. Plant pathogens - The Plant 
parasitic nematodes : Oxford and IBH Publishing Co. Pvt. New Delhi 
Singh, Y.P., R.S. Singh and K. Sitaramaiah, 1990. Mechanism of 
resistance of mycorrhizal tomato against root-knot nematode. In: 
Current Trends in Mycorrhizal Research. (Eds. Jalali, B.L. and H. 
Chand). Proc. Nat. Conf. Myco. Haryana Agricultural University, 
Hissar, India. New Delhi. TERI viii. pp 210 
Sitaramaiah, K. and R. Khanna, 1997. Effect of Glomus fasciculatum on 
growth and chemical composition of maize. J. My col. Plant Pathol. 
27:21-24 
Sitaramaiah, K. and R. S. Singh, 1969 .Control of root-knot through 
organic and inorganic amendments of soil -Effect of inorganic 
nitrogen sources. First all India Nematol. Sym. Pp. 64. 
Sitaramaiah, K. and R.A. Sikora,1980. Influence of Glomus mosseae on 
Rotylenchulus reniformis penetration and development on cotton 
and tomato. European Soc. Nematol (Abstr), August pp. 35-36. 
Sitaramaiah, K. and R.A. Sikora, 1981. Influence of the endomycorrhizal 
fungus Glomus m.osseae on Rotylenchulus reniformis penetration 
and development on bush bean, cucumber and muskmelon. Med. 
Fac. Landbouww Rijksuniv. Gent. 46:695-702 
Sitaramaiah, K. and R.A. Sikora, 1982. Effect of the mycorrhizal fungus, 
Glomus fasciculatum on the host parasite ralationship of 
Rotylenchulus reniformis in tomato. Nematologica. 28: 412-419 
Sitaramaiah, K. and R.A. Sikora, 1996. Influence of mycorrhzal fungus. 
Glomus fasciculatum spores concentration on Rotylenchulus 
reniformis population dynamics and cotton growth. Indian J. 
Nematol. 26:1-6 
Sivaprasad, P., A. Jacob, S.K. Nair, and B. George, 1990. Influence of VA 
mycorrhizal colonization on root-knot nematode infestation in Piper 
155 
nigrum L. In: Current Trends in Mycorrhizal Research. (Ekis. Jalali, 
B.L. and H. Chand). Proc. Nat. Conf. Myco. Haryana Agricultural 
University, Hissar, India. New Delhi.TERI viii. pp 210 
Sivaprasad, P., B. Ramesh, N. Mohankumar, K. Rajmohan and P.J. 
Joseph, 1995. Vesicular-arbuscular mycorrhiza for the ex-vitro 
establishment of tissue culture plantlets. In: Mycorrhizae: 
Biofertilizer for the future. (Eds. Adholeya, A. and S. Singh). Proc. 
3rd Nat. Conf. Myco. Tata Energy Research Institute Pub. pp 42-44 
Smith, G.S., R.S. Hussey and R.W. Roncadori, 1986(a). Penetration and 
post infestation development of Meloidogyne incognita on cotton as 
affected by Glomus intradices and phosphorus. J. Nematol. 18:429-
435 
Smith, G.S., R.W. Roncadori and R.S. Hussey, 1986(b). Interaction of 
endomycorrhizal fungi, superphosphate and Meloidogyne incognita 
on cotton in microplot and field studies. J. Nematol. 18:208-216 
Southey, J.F., 1986. Laboratory methods for work with plant and soil 
nematodes. Min. Agric. Fish Food HMSO, London, pp 202 
Sreenivasa, M.N. and D.J. Bagyapaj, 1989. Suitable form and level of 
phosphorus for mass production of the VA mycorrhizal fungus. 
Glomus fasciculation. Zbl Microbiol, 144: 34-36. 
Srinivas, K., B. Ramraj and N. Shanmugam, 1988. Survey for the 
occurrence of native VAM fungi. In: Mycorrhizae for Green Asia. 
(Eds. Mahadevan, A., N. Raman and K. Natarajan). Alamu Printing 
Works, Rayapettah, Madras, pp 111-113 
Steiner, G., E.M. Buner and A.S. Khods, 1934,Giant Cells caused by the 
root knot nematode. Phytopathology 24: 161-163. 
Stirling, G.R. 1991. Biological Control of plant parasitic Nematode CAB 
Internal Oxon, London, UK pp 282. 
Strobel, N.E., R.S. Hussey and R.W. Roncadori, 1982. Interactions of 
vesicular-arbuscular mycorrhizal fungi, Meloidogyne incognita and 
soil fertility on peach. Phytopathol. 72:690-694 
156 
Subramaniyan, S., G Rajendran, S. Vadivelu,1990. Estimation of loss in 
tomato due to Meloidogyne incognita and Rotylenchulus reniformis. 
Indian J. Nematol 20:239-240 
Sulochana, T. and C. Manoharacharay,1990. Impact of season on the 
distribution of VAM fungi associated with sesame. (Eds. Jalali, B.L. 
and H. Chand). Current Trends in Mycorrhizal Research. Proc. Nat. 
Conf. Myco. Karyana Agricultural Univeristy, Hissar, India, pp 18-
19 
Sulochana, T.K.K., P. Sivaprasad and K. Vasanthakumar, 1995. 
Phosphorus nutrition and yield of cassava as influenced by VA 
mycorrhiza. In: Mcorrhizae: Biofertilizer for the future. (Eds. 
Adholeya, A. and S. Singh). Proc. S^ d Nat. Conf. Myco. Tata Energy 
Research Institute Pub. pp 397-399 
Sundarababu, R. and C. Sankaranarayanan ,1995. Effect of nursery 
treated VAM in the nematode interaction in tomato. Inter. J. Trop. 
Plant Dis. 13:107-111 
Sundarababu, R.C. Sankaranaiyanan and A. Santhi,1996. Studies on 
the effect of interaction of Meloidogyne incognita with Glomus 
fasciculatum South Indian Hort. 44: 114-115. 
Sundaram, M.D. and V. Arangasam, 1995. Effect of inoculation of 
vesicular-arbuscular mycorrhizal fungi on the yield and quEility 
attributes in tomato (Lycopersicon esculentum M.) cv. C03 . In: 
Mycorrhizae: Biofertilizer for the future. (Eds. Adholeya, A. and S. 
Singh). Proc. 3^ ^^  N^t. Conf. Myco. Tata Energy Research Institute 
Pub. pp 394-396 
Suresh, C.K., D.J. Bagyaraj and D.D.R. Reddy,1985. Effect of vesicular-
arbuscular mycorrhiza on survival penetration and development of 
root-knot nematode in tomato. Plant Soil. 87:305-308 
Suslow, T.V. 1982. Role of root colonizing bacteria in plant growth. In : 
Mount, M.S. and Lacy, G.H. (Eds.),. Phytopathogenic prokaryotes 
Academic, London PP 187-223. 
157 
Suslow, T.V. and M.N. Schroth, 1982. Rhizobacteria of sugar beets: effect 
of seed application and root colonization on yield. Phytopathology 
72:199-206. 
Sylvia, D.M. and L.H. Neal > 1990. Nitrogen affects the phosphorus 
response of VA mycorrhiza. New Phytol. 115:303-310 
Talavera, M., K. Itou and T. Mizukubo, 2001. Reduction of nematode 
damage by root colonization with arbuscular mycorrhiza (Glomus 
spp.) in tomato-Meloidogyne incognita (Tylenchida: Meloidogynidae) 
and Carrot-Pratylenchus penetrans (Tylenchidae: Pratylenchidae) 
pathosystems. Applied Entomology and Zoology. 36:387-392 
Talukdar, N.C. and J .J . Germida, 1993. Occurrence and isolation of 
vesicular-arbuscular mycorrhizae in cropped field soils of 
Saskatchewan, Canada. Can. J. Microbiol. 39:567-575 
Taylor, A.L. and J.N. Sasser, 1978. Biology, identification and control of 
root-knot nematode (Meloidogyne species). North Carolina State 
University Graphics, Raleigh, III 
Thomoshow, L.S. and D.M. Weller, 1988. Role of a phenazine antibiotic 
from Psendomonas fluorescens in biological control of 
Gaeumannomyces graminis var. tritic. Journal of Bacteriology 170: 
3499-3508. 
Tinker, P.B. 1975. Effect of vesicular-arbuscular mycorrhiza on higher 
plant. 29^>^ Symp. Soc. Exp. Biol. 29:325-350 
Tinker, P.B. 1984. The role of micro-organisms in mediating the uptake 
of plant nutirents from soil. PI. Soil; 76: 77-92. 
Tommerup, I.C. 1984. Development of infection by a vesicular-arbuscular 
mycorrhizal fungus in Brassica napus L. and Trifolium 
subterraneus L. New Phytol. 98:487-495 
Tondon, H.L.S. 1973. The crop nutrition pest incidence complex in India 
Pest Articles and News Summaries 19: 372-380. 
Trappe, J.M. and N.C. Schenck, 1982. Taxonomy of the fungi forming 
endomycorrhizae. In: Methods and Principle of Mycorrhizal 
158 
Research. (Ed. Schenck, N.C.) Am. Phytopathol. Soc, St. Paul, pp 
244 
lyika, G.L., R.S. Hussey and R.W. Roncadori, 1991. Interactions of 
vesicular-sirbuscular mycorrhizal fungi, phosphorus, Heterodera 
glycines on Soybean J. Nematol 23: 122-133. 
Urnadevi, G. and K. sitaramaiah,1990. Influence of soil inoculation with 
endomycorrhizal fungi on growth and rhizosphere microflora of 
black gram. In: Mycorrhizal Symbiosis and Plant Growth (Eds. 
Bagyaraj, D.J. and A. Manjunath). University of Agricultural 
Sciences Banglore Pub. pp. 89-90 
Umesh, K.U., K Krishanappa, D.J. Bagyaraj, 1988. Interaction of 
burrowing nematode, Radopholus similis and VA mycorrhiza, 
Glomus fasciculatum (Thaxt). Gend and Trappe in banana {Musa 
acuminata colla). Indian J. Neamtol. 18: 6-11. 
Upadhyay RS and Sandhya Mishra, 1998. Exploitation of fluorescent 
pseudomonas for plant growth and biocontrol of soil borne plant 
pathogens. International society for conservatioin of Natural 
Resrources varanasi. pp 97-107. 
Upadhyay, R.S. 1969. Studies on plant parasitic namatode factors Ph.D. 
Thesis, Aligarh Muslim University, Aligarh. 
Vasudeva, R.S.^ 1958. Scientific reports of lARI, New Delhi. 1956-57 
Venkataraman, M.N., H.D. Singh and R. Kotaky,1990. Occurrence and 
distribution of vesicular arbuscular mycorrhizal fungi in acid soils 
of north eastern India. In: Current trends in mycorryhizal research 
(Eds.) Jalali, B.L. and H. Chand). Proc. Nat. Conf. Myco. Haryana 
Agriculture University, Hisar, India. 
Verma, K.K., D.C. Gupta and I.J. ffeur^athiy 1933. Preliminary Trial on the 
efficacy of Pseudomonas fluorescens as seed treatment against 
Meloidogyne incognita in tomato Proceedings of national 
symposium on national approaches in nematode management for 
sustainable agricutlure. Ana. India pp. 79-81. 
159 
Waceke, J.W. and S.W. Woudo, 1993. Effect of Some Soil amendments 
on pathogenecity of Meloidogyne Incognita I Okra Internal Journal 
of Pest. Management 39: 385-389. 
Walkey, A. and I.A. Black, 1934. An examination of the Degtjaraeff 
methods for determining soil organic matter and a proposed 
modification of the chromic acid titration method. Soil Sci. 37:29-
38 
Wani, S.P. and K.K. Lee, 1992. Role of biofertilizers in upland crop 
production. In: Fertilizers, Organic manures, Recyclable wastes and 
Biofertilizers. (Ed. Tandon, H.L.S.), New Delhi Fertilizer 
Development and Consultation Organization, pp 91-112 
Weber, O.B. and S.M.C. DE. Amorim, 1994, .Phosphorus fertilization and 
inoculation with vesicular-arbuscular mycorrhizal fungi in solo 
pawas. Revista Brasileina de Ciercia do Solo 18: 187-191. 
Weidenbomer, M. and B Kunz. 1993. Influence of fermentation 
conditions on nematicidal activity of Pseudomonas fluorescens 
Zeischrift fur pfleanzenfrankheiten and Pflanzenschus. 
Weller D.M. and R.J. Cook,1983. Suppression of take all of wheat by seed 
treatments with fluorescent psendomonads. Phytopathology. 73: 
463-469 
Weller, D.M. 1988. Biological Control of soil borne plant pathogen in the 
rhizosphere with bacteria Ann. Rev. phytopathol 26: 37-407. 
Wetzel, P.R. and A.G. Van-der-Valk, 1996. Vesicular-arbuscular 
mycorrhizae in raiiie Wetland vegetation in Iowa and North Dakota. 
Can. J. Hot. 74:883-890 
White, J.A. and M.F. Brown, 1979. Ultrastructure and X-ray analysis of 
phosphorus granules in vesicular-arbuscular mycorrhizal fungus. 
Can. J. Bot.57:2812 
Willox, J. and H.T. Tribe, 1974. Fungal parasitism in cysts of Heterodera. 
1. Preliminary investigations. Trans. Brit. Mycol. Soc. 62:585-594 
160 
Xu, G.W. and D.C. Gross ,1986. Field evaluations of interactions among 
fluorescent pseudomonads, Enuinia canotovona, and potato yields. 
Phytopathology 76:423-430. 
Zak, B. 1964. Role of mycorrhizae in root disease Annu. Rev. Phytopath., 
2: 377-392. 
Zhao, Zhiwei, Xia YongMei, Qin XinZheing., Li Xiwkj Cheng Lizhong., Sha 
Tao and Wan Quo Har, 2001. Arbuscular mycorrhizal status of 
plants and the spore density of arbusular mycorrhizal fungi in the 
tropical rain forest of Xishuangbanna, South West China, 
















































































































































































































































v^  H 
CO 
CO 























































































































































































ID u l i 
e n CO 
II 

































































































































e • M 
I-, 
H 












v I H 
'> 
c 





_^« rt 3 
•o 
• > 











































































































































































































































































































































































a « x 5 
c^  ^ 
- ? • * J 
CO 
OT" 
s fc W <u 
x 5 
<N ^ 































































^ — 1 
cr 








































































































































































































Cd C o 

























































S fc U (u 
x 5 
CN g 

































































































































































































































































































































































































fc U (u 
x 5 























































































































































































































































































































































s fc td D 
xB 
< N ^ 





s t U w 
x-i 
















































































































































i a o 
C 
_o 
' • ^ 
o 
































































































O .K ^ 


























































4 - ) 































t tii v 
x-i 





t td lU 
x 5 
c^5 




































































































( 1 , 
cj 
1 













































































«j d • M 
6 3 






















































































































- 4 - ) 
03 d 












• 4 - ) 
















































































































































































































--1 oj in 
C S — I ^ 
^ fe. 

















































































^ _ H 










































































• F H 












































































































fc W V 



























































































































































































t -^  .2 
g 











4 'Ei "Sb 
ctf * * 










* ^ ^ o CO x ; 
:3 2 > 
OJ & « 
Ui « — , 






















t> ; -< 









































^ • ^ 


















































































































































































































































• " ^ 
CO 



































( N CTi 















































































• ( - I 
c 
43 
> 
03 
0) 
CO 
_C3 
"a 
03 
IH 
<4H 
o 
6 
3 II 
